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血病治療薬 imatinib (1，製品名: グリベック，Chart 1)は，長期的な薬効と高い安全性により優れた抗腫































vemurafenib (4, B-Raf inhibitor)


















sorafenib (3, multikinase inhibitor) crizotinib (5, ALK inhibitor)













Ras/Raf/MEK/ERK シグナル経路 (MAPK シグナル経路)の各因子は薬物療法の標的の一つとして考え
られてきた．多くのがんでこの経路の活性化が報告されており，この経路を遮断する薬剤は有用な抗がん
剤となり得ると期待されている．そのため，この経路のキナーゼであるMEKやRafを選択的に阻害する
化合物がこれまでに見出されてきた．Figure 1に示す PD0325901 (6)やAZD6244 (7)は選択的にMEKを
阻害し，動物モデルで幅広いがん種に対して強い抗腫瘍効果を示した．ヒト臨床試験では悪性黒色腫 (メ
ラノーマ)に対して有効性が認められた一方で，他のがん種では期待した抗腫瘍効果が得られなかった．
MEK 阻害が起こると通常働いているネガティブフィードバックも抑制され，結果として MEK のリン酸
化 (活性化)を誘起する．このフィードバックを介したシグナル経路の活性化が，MEK 阻害剤の薬効が乏





Figure 1. Ras/Raf/MEK/ERK pathway and its inhibitors 
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 本研究において，著者は Raf/MEKの阻害活性と物性プロファイルを指標としたリード化合物 8 の構造
最適化を行うことにより臨床化合物CH5126766を見出した (scheme 1)．構造最適化の過程では基本骨格
であるクマリン環を固定し，スルファミド基の導入，芳香環水素のフッ素原子による置換，骨格内への窒





































































































W1-6 = F or H
X1-8 = N or CH
Y = NH or CH2
CH5126766
Fluorine Scan Nitrogen Scan
Enhancement of inhibitory activity 
with acceptable physicochemical properties  
Enhancement of inhibitory activity
while keeping physicochemical properties
Improvement of physicochemical properties
































によると 2012年に新たにがんと診断される患者は全世界で年間 1,400万人，がんによる死亡者は年間 820
万人である．2030年には新たにがんと診断される患者は年間 2,160万人，死亡者は年間 1,300万人に達す





Bcr-Abl 阻害剤 imatinib (1, 製品名: グリベック, Chart 2)2a,2b をはじめとして，様々なキナーゼ阻害剤 
(erlotinib (2, 製品名: タルセバ)2c，sorafenib (3, 製品名: ネクサバール)2d,2e，vemurafenib (4, 製品名: 
Zelboraf)3，crizotinib (5, 製品名: ザーコリ)2f，Chart 2)が高い薬効と安全性を示し，その有効性が明らか
となってきた．  
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Figure 3. Binding modes. (a) Schematic representation of the ATP binding site divided into subresions. 





素である．はじめて Raf 阻害剤として見出された sorafenib は他の複数のキナーゼも同時に阻害すること
が報告されている．X 線結晶構造解析での 3 次元情報が利用され，計算化学手法 による化合物デザイン 


















































































































として考えられてきた．この経路を遮断する阻害剤として，CI-1040 (9)7，PD0325901 (6)8a (第二項･Chart 







































第二項 選択的MEK 阻害剤の有効性と課題 
 





MEK選択的阻害剤U0126 (10, DuPont)8b及びその誘導体 (Bristol-Myers Squibb)6cをはじめとして，
CI1040 (9, Pfizer)7及びその類縁体である PD0325901 (6, Pfizer)8a，ARRY-142886/AZD6244 (7, Array 
and AstraZeneca)9a,9b，化合物 11 (Bristol-Myers Squibb)8d，CH4987655 (12, Chugai)8e，trametinib (13, 
GSK1120212/JTO-74057，製品名: Mekinist，GlaxoSmithKline/JT) 8fが相次いで報告され，MEK阻害 
 


































































U-0126 (10) Cl-1040 (9) PD0325901 (6)
ARRY-142886/AZD6244 (7) 11
CH4987655 (12)
MEK IC50 = 70 nM
MEK IC50 = 24 nM
MEK1 IC50 = 14 nM
MEK1 IC50 = 17 nM Inhibition of pERK in C26 Cell
IC50 = 0.34 nM













Inhibition of pERK in SK-MEL-28 Cell
IC50 = 0.8 nM









Figure 5. Schematic representation of MEK inhibitor (PD318088) in allosteric site 
 
 Chart 3に示すMEK阻害剤の中でAZD6244 (7)は強いMEK1阻害活性 (IC50 = 14 nM)を示し，動物
実験においても複数のがん種で強い抗腫瘍効果が認められた 9c–e．前臨床研究での毒性評価でも重篤な副
作用は見られず，臨床試験での有効性が期待された． 
しかしながらAZD6244 (7)の臨床試験では期待した抗腫瘍効果が得られなかった 9f．第 1相臨床試験で
は，5ヶ月以上がんが安定 (stable disease, SD)と見られた患者は 19%に留まり部分奏功 (PR)，完全奏功 
(CR)は認められなかった．薬剤投与後の血中のERKのリン酸化を調べると 90%以上の阻害が見られてお
り，MEK-ERK のシグナルは阻害されていることが確認された．すなわち，MEK から ERK へのシグナ
ルが阻害されているにも関わらず十分な薬効が得られてないことが明らかとなった．ERKのリン酸化は代























































































ク機構)の阻害によるMEK リン酸化の誘起が原因であると考えられている 10．通常の MAPKシグナル経
路で ERK が活性化されると，核内への増殖シグナル伝達が行われていると同時に，Ras や Raf へのネガ
ティブフィードバックが働いていると考えられている (Figure 6 (A))．そこにMEK阻害剤によるERKの
リン酸化抑制が起こると，ネガティブフィードバックによる抑制も低下し，Ras，Raf の活性化が起こる 
(Figure 6 (B))．その結果MEKのリン酸化を誘起し，MAPKシグナル経路が再活性化を受けることで十




Figure 6. Models of Ras/Raf/MEK/ERK signaling in tumor cells 
 
一方，MEK の上流の因子である B-Raf に変異が見られるがんではこのフィードバックの影響が小さい














































いるメラノーマ患者に対して MEK 阻害剤が薬効を示したと考えられている 11．また，MEK 阻害剤の中
でも trametinib (13)はMEKのリン酸化を部分的に阻害することが確認されており 8h，このことが優れた
抗腫瘍効果に寄与していると考えられている (補足資料･第二章 page 89参照)． 
 
 
第三項 選択的 Raf阻害剤の有効性と課題 
 
 Rafは低分子量Gタンパク質であるRasにより活性化され，下流のMEKをリン酸化するセリン・スレ
オニンキナーゼである．サブタイプとしてA-Raf, B-Raf, C-Raf (Raf-1)が知られている．複数のがん種で
B-RafとC-Rafが亢進されていることが知られているため，がんの標的分子として注目されてきた．なか




 はじめて Raf 阻害剤として見出された ATP 競合阻害剤である sorafenib (3, 製品名: ネクサバール, 
Bayer)2d,2eは，Raf 以外の様々なキナーゼも同時に阻害することが知られている．近年 Raf への選択性が
高い化合物として vemurafenib (4, PLX4032, 製品名 : Zelboraf, Plexxikon)3，dabrafenib (14, 
GSK2118436, 製品名 : Tafinlar, GlaxoSmithKline)12a ，GDC-0879/AR00341677 (15, Genentech/ 









Chart 4. Known Raf inhibitors 
   
 
選択的Raf阻害剤 vemurafenib (4)は前臨床試験及びヒト臨床試験において，B-Raf V600E変異のがん
に対し強い抗腫瘍効果を示すことが確認された 3c–e．特に患者の約 50％にB-Raf変異が認められるメラノ
ーマ患者に対しては，第 3相臨床試験での 48％の高い奏効率 (部分奏功率と完全奏功率の和)が認められ，
MEK阻害剤より高い有効性が明らかとなった．vemurafenibはこれらの優れた効果が認められ，2011年
に FDAからB-Raf V600E変異の転移性メラノーマへの適用が承認された． 
 
一方 vemurafenib (4)に代表される既存の Raf 阻害剤の問題点として，Raf 阻害剤による二次がんの誘
発が報告されている．Raf阻害剤 (vemurafenib (4)，dabrafenib (14))を投与された患者の 15–30%で皮膚
扁平上皮癌 (cutaneous squamous cell carcinoma) 及び角化棘細胞腫 (keratoacanthoma)の誘発が認め
られている 13a．加えて，白血球数が増加するとの報告もある 13b． 
この二次がんの併発は Raf 阻害による MAPK シグナル経路の活性化が原因であると考えられている．











































GDC-0879/AR00341677 (15)dabrafenib (Tafinlar®,GSK2118436, 14) 16
B-Raf IC50 = 0.13 nM B-Raf
V600E IC50 = 1.6 nM
C-Raf IC50 = 6 nM
VEGFR2 IC50 = 90 nM
Flt-3 IC50 = 58 nM
FGFR-1 IC50 = 580 nM


















る 14a．このモデルでは Raf の上流である Ras の変異と，二量体 Raf の活性化が深く関与するとされてい
る。Figure 7 (A)に示すようなRasの変異が見られずB-Rafの変異によりがん化した細胞では，Raf阻害
剤による MAPK シグナル経路の遮断が期待通りに行われ抗腫瘍効果を示す．一方，Figure 7 (B)に示す
Rafの上流の因子であるRasに変異が見られるがんでは，Rafタンパクが二量体化され(B-Raf同士もしく
は C-Raf 同士のホモダイマー，及び B-Raf と C-Raf のヘテロダイマー)，阻害剤が二量体の片方に結合す
ると反対側の Raf ユニットが転写活性化される．特に C-Raf は顕著に活性化され，MAPK シグナル経路
の亢進が起こる．RafからMEKへの活性化を抑制するには二量体の双方のRafを阻害しなければならず，
極めて高い薬剤濃度を要する．中程度の薬剤濃度では片方のみのRaf阻害に留まることから C-Rafが活性
化され，むしろ MAPK 経路の活性化が促進される．そのため，Raf 阻害剤はメラノーマのような B-Raf




















Wild-type RAS tumor (A)
(ex. Melanoma)







第四項 MEK阻害剤と Raf阻害剤の併用効果 
 
Raf 阻害剤と MEK 阻害剤の併用により，単剤では効果の低いがん種に対しても抗腫瘍効果が期待でき
るとの報告がある．Raf阻害剤･MEK阻害剤の単剤投与ではB-Raf変異性のメラノーマに対しては優れた
効果が認められているが，他の多くのがん種，例えば大腸癌に対してはほとんど効果を示さない．Corcoran
によるMEK阻害剤 trametinib (13)とRaf阻害剤 dabrafenib (14)の併用試験 (第一相臨床試験)の結果で
は，B-Raf変異性の大腸癌に対して効果を示すことが報告されている (43例中，CR 1 (2%)，PR 5 (12%)，
SD 22 (51%))1a． 
また，Raf 阻害剤での二次がんの誘発を抑制するには MEK 阻害剤との併用が効果的であると報告され
ている．SuらはRaf阻害剤とMEK阻害剤を用いた動物試験で新たに生じる皮膚癌の数を調査した 1c．発
がんプロモーターによりがん化を促進したマウスに B-Raf 阻害剤 vemurafenib (4)を投与すると，Raf の
阻害による MAPK シグナル経路の活性化が認められ，皮膚癌が進行していることが確認された．一方，




























Chart 5. Hit compounds 17 and 8 
     
Kinase inhibition
C-Raf  IC50: 100 nM 120 nM




  IC50: 1200 nM 290 nM
HT-29
b
 IC50: 250 nM 370 nM
        a
 HCT116: K-Ras
G13D
 colon cancer. 
b
 HT-29: B-Raf 
V600E
































































Potential risk for mutagenicity
(AMES positive)
Modification of aniline





レアと比較して 2–10倍の高い活性を示した例や (Scheme 3)20，Merckの c-Met阻害剤ではスルホンアミ























Sulfamide Sulfonamide Amide Urea  
 




る 21–22．2009 年にMerck のγ-セクレターゼ阻害剤 2222a–bおよび Johnson ＆ Johnson の抗けいれん剤
JNJ-26990990 (23)22c，2011年に上記Merckの c-Met阻害剤 24，2012年に 11-ヒドロキシステロイド



















KSP IC50 = 161 nM
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cMet IC50 = 4 nM cMet IC50 = 4 nM
Kc11.1 IC50 = 10100 nM
Ikr patchclamp IC50 = 330 nM
Kc11.1 IC50 > 30000 nM












リード化合物 8 及びその誘導体の合成を行った (Scheme 4)．既知法に従い 23，4-クロロレゾルシノー
ル (26)とアセト酢酸エチルとベンジルブロミド誘導体から調製した化合物 27 を 70%硫酸水溶液中で
Pechmann反応を行い，クマリン 28を得た．化合物 28のヒドロキシ基をカルバメート化した後，ニトロ
基を塩化スズ(Ⅱ)にて還元してアニリン 8 を得た．スルファミド化試薬として，スルファモイルクロリド
2924a−cもしくはスルファモイルオキサゾリジノン 3024dを Scheme 5 に示す手法にて調製し，塩基性条件
下アニリン 8と反応させてスルファミド 31–33, 38–44 を得た．スルファモイルオキサゾリジノン 30 は調
製及び精製が容易であり，一置換スルファミド 32, 38–41 を収率よく与えた．アミド 34，ウレア 35，ス











































































Scheme 4. Synthesis of coumarin analoguesa   
 
a Reagents and conditions: (a) 70% H2SO4 aq., rt, 12 h, 45%; (b) N-methylcarbamoyl chloride (1.5 eq.), NaH (1.1 eq.), 
DMF, rt, 2 h, 98%; (c) SnCl2·2H2O (4.0 eq.), DMF, rt, 7 h, 88%; (d) 26, pyridine or Et3N, CH2Cl2; (e) 30 (3.0 eq.), Et3N 
(3.0 eq.), MeCN, reflux. (f) R4X, Et3N, CH2Cl2, rt. 
 
Scheme 5. Preparation of sulfamide reagentsa  
 
    a Reagents and conditions: (a) formic acid (1.0 eq.), 0 °C; (b) bromoethanol (1.0 eq.), CH2Cl2, 0 °C, 2 h, then R2NH2 , 
































































































































































































Raf/MEK 阻害剤としてスルファミド基が重要な役割を果たすことが明らかとなった (Table 1）．R5部位
にスルファミドを導入させると (31–33)，いずれの化合物でも一貫して活性向上が確認され，C-Raf 活性
が 3–8 倍，MEK 1 活性が 2–8 倍，細胞増殖阻害活性は 7–70 倍向上し，最も高活性であったモノメチル
置換体 32では IC50の値が 4 nM (HCT116)，1 nM (HT-29)に至った．末端のアミノ基の水素原子をモノ
メチル置換 (32)してもジメチル置換 (33)しても活性が維持・向上傾向にあることから，様々な置換基導
入を許容する可能性が示唆された．一方，スルファミド基のバイオアイソスターであるアミド 34 やウレ
ア 35 では，化合物 8 よりも低活性であった．スルホンアミド誘導体 36, 37 では C-Raf 阻害及びMEK1
阻害が 2倍程度，細胞増殖阻害 7倍程度向上したが，その程度はスルファミドに比べ小さい．スルファミ
























C-Raf MEK1 HCT116 HT-29 (mg/mL) human mouse (10
-6
 cm/s) (mM·h)
8 120 56 290 370 ND 27 59 6 29 38
31 26 28 39 15 19 7 8 5 70 107




33 5 11 12 9 6 32 52 4 3
d 78
34 170 96 360 75 ND ND ND ND ND 33
35 570 500 4600 480 ND ND ND ND ND ND
36 56 29 30 26 8 11 41 3 41
c
64










fenzyme cell growthcompd R5
















































    a Data not obtainable due to low solubility. b Compounds were evaluated in 24-h exposure studies in mice at 200 
mg/kg and formulated as solutions of 5% DMSO/5% Cremophor EL/15% PEG400/15% HPCD/60% water. c At 100 mg/kg. 
d At 50 mg/kg. e Administered as mono sodium salt. f Tumor growth inhibition in the HCT116 human colon cancer 
xenograft model at 200 mg/kg/day for 11 days. g At 100 mg/kg/day for 11 days. 
 
ンゼン環部位が酸化された化合物 46，カルバメート部位が酸化された化合物 47，脱離した化合物 48と共
にスルファミドのメチル基が脱離した化合物 31 が得られた (Scheme 6)．メチル置換スルファミド誘導体
32, 33 が 31 と比較して代謝安定性が低い１つの理由として，この脱メチル反応が寄与していると考えら





離したアニリン誘導体 49–51 は観測されず，スルファミドの N-SO2-N 結合は代謝に安定であることが確
認された．代謝物としてアニリン誘導体が観測されていないことから，変異原性のリスクも低いと考えら
れる (スルファミド 32 およびアニリン誘導体 49–51 の変異原性試験は未実施．スルファミド基を有する
類縁体のAMES試験及びMNT試験では陰性 (第四章･第三節参照))．また，ヘテロ原子数が多いことによ
る膜透過性の低下は見られず，PAMPA25による評価ではスルファミドはスルホンアミドと同等の高い膜透
過性を維持した (>1 × 10−6 cm/sは膜透過性が高いと判断)． 
 
Scheme 6. Metabolism of 32 in human liver microsome 
 
    a Analyzed by LC/MS/MS. 
 
 アリールスルファミド部位 (32: pKa = 9.5)はスルホンアミド部位 (36: pKa = 8.9)と同様塩形成が可能
であった (Scheme 7)．そのため，高脂溶性化合物ではフリー体の溶解度から見積もられる値と比較して
より高いバイオアベイラビリティ (F)，AUC や臨床投与量を期待することができる．スルファミド 32 を
メタノール中 1当量の水酸化ナトリウムと反応させることにより，ナトリウム塩を得た．フリー体の結晶
溶解度 1.1 mg/mLに対し，ナトリウム塩の溶解度は 13.0 mg/mLと見積もられ，10倍程度のより多量の薬
剤投与が期待できる結果となった 26．化合物 32 の 100 mg/kgでのマウスのバイオアベイラビリティは，
















































































Scheme 7. Solubility and oral exposure of 32 and sodium salt of 32 
 
a Compounds were evaluated at 100 mg/kg. 
 
スルファミド31, 32のHCT116 Xenograft薬効試験では経口投与 (それぞれ200mg/kg, 100mg/kg)にて
TGI (腫瘍増殖抑制)100%を超える強力な抗腫瘍効果が得られた (Table 1)．in vitroでの抗腫瘍活性や物性
の優位性を反映し，その薬効はスルホンアミド 36 (64%)やアニリン 8 (38%)，アミド 34 (33%)と比較して
も有意に高い．一方，ジメチルスルファミド 33 の TGI は 78%に留まった．化合物 33 のマウス AUC が
31 や 32 と比較して著しく低下したことに起因すると考えられる．この AUC 低下はジメチル置換による
代謝安定性や溶解性の低下を反映したと考えられる． 
スルファミド基の導入により高い活性と優れた物性の両立を達成し，スルファミドを有する化合物群に

































32 32 (Na salt)
solubility 
  Cs: 1.1  mg/mL
solubility 
  TDLySA: 13  mg/mL
mouse PK a
  AUC: 17 mM·h
  F: 10%
mouse PK a
  AUC: 51 mM·h





 モノメチル体 (32)が良好な薬剤活性および物性を示したことから，第四節･Scheme 4にて調製したスル
ファミド上に様々な置換基を有する化合物群の活性および物性の評価を行った (Table 2)．その結果，ス
ルファミド部位がメトキシ基 (38），トリフルオロエチル基 (39)，シアノエチル基 (40)，ヒドロキシエチ
ル (41)，メトキシエチル基 (42)，アミノエチル基 (43)，メチルピペラジニル基 (44)で置換された誘導体
にも高いRaf，MEK及び細胞増殖阻害活性が認められた．誘導体 40–42にモノメチル化合物 32と同程度
の Raf阻害活性が認められた一方で，電子求引性基を有するメトキシ体 38 及びトリフルオロエチル体 39
は Rafの活性が 1/10低下した．無置換体 31及びモノメチル体 32に比べ嵩高い置換基を有する誘導体 33,  
 












C-Raf MEK1 HCT116 HT-29 (mg/mL) human mouse (10
-6
 cm/s) (mM·h)
38 37 58 170 160 11 17 34 3 62
d
39 45 65 68 38 15 ND ND 3 26
d
40 4 36 23 6 10 40 31 5 25
41 6 46 42 4 8 32 22 5 14
42 4 47 36 18 9 51 51 4 9
43 40 5 93 18 290 4 2 0.2 0.2
44 16 35 160 51 50 101 63 2 ND
compd R5
























































a In FaSSIF. b In liver microsome. c Compounds were evaluated in 24-h exposure studies in mice at 200 mg/kg and 
formulated as solutions of 5% DMSO/5% Cremophor EL/15% PEG400/15% HPCD/60% water and administered as a 










方で，膜透過性が 1/20に減弱した．代謝点を多く有するメチルピペラジン 44はジメチルスルファミド 33
と比べても代謝安定性の低下が観測された．末端にアミノ基を有する 43, 44は溶解性が向上した一方，ヒ
ドロキシエチル基 (41)やメトキシエチル基 (42)では期待した溶解度向上は獲得されなかった．これらの
物性を反映し in vivoにおける薬物動態の結果に顕著な差が生じた．  
 末端アミノ基の修飾によって溶解度や代謝安定性が向上した誘導体が得られたものの (Table 2)，活性
及び物性双方のプロファイルを考慮すると，無置換 (31)及びモノメチル基 (32)が適切な置換基と考えら
れた．そこで無置換及びモノメチルスルファミド化合物をリード化合物として，(1) 代謝不安定なカルバ
メート部位 (第五節･Scheme 6)の安定性向上を目的とした官能基変換 (第三章･第一節)，(2) さらなる活性










































53a H H H H 2.5 / 25 21.8 42
52 H H F F 2.5 / 5 2.2 30
54d Me H H F 2.5 / 5 1.2 6




















第一項 クマリン 6位，7 位の構造活性相関及び物性プロファイル 
 
 スルファミド含有クマリン化合物 31, 32 の 7位のカルバメート部位は，ヒト肝ミクロゾームで代謝され
ることが第二章･第五節の Scheme 6で述べた代謝実験から明らかとなった．そのため，マウス SDPK試
験では低曝露であった．ジメチルカルバメートに代わる代謝安定性の高い置換基を探索した結果，ピリミ
ジル基やチアゾール基を有する化合物の有用性を見出し，これらの誘導体が PK試験において 2–3倍高い
曝露を示すことが確認された (Scheme 8 (SARデータ未記載)27，Table 5–6 (第三節，第四節))．しかしな
がらジメチルカルバメートに比べ 5–10 倍程度の in vitro での活性低下が観測された (Scheme 8，Table 
5–6 (第三節，第四節))． 
 
Scheme 8. Replacement of carbamate reduced activity 
 
 
また，6位の塩素原子は溶解度低下の要因であることが分かった (Scheme 9，第二章･第五節･Table 1，
第三節･Table 5)．塩素原子の導入による脂溶性の増加が要因と考えられ，化合物 31, 32の塩素原子を除去




























































Increasing exposure by 2- to 3-fold
in mouse PK
Decreasing activity by 5- to10-fold 
Metabolically more stable
Low exposure in mouse PK
30 
 
に比較して活性が 10倍程度低下した (Table 1, 5)． 
 
































31: R2 = H
32: R2 = Me
53a: R2 = H
54a: R2 = Me
Low solubility
(due to high lipophilicity)
Increasing solubility
















 創薬化学でも，CH/CF 結合変換はリード最適化手法の最も有効な手段の１つと認識されている 28d,31．
フッ素原子を含む市販薬の割合は全体の 20％にも及ぶ 28d,32．CH結合のCF結合への変換により，例えば
















































































 特定の位置が CH/CF 変換された化合物を合成するには，通常あらかじめ CF 結合を有する原料を合成
し，確立された合成経路に従って目的化合物を得る (Figure 8)．例えば，リード化合物のW3位をフッ素
化する場合，Scheme 11に示す合成経路ではフッ素化した原料を得るのに 3工程，その後目的化合物を得






Figure 8. Fluorine scanning by direct and non-regioselective monofluorination, or stepwise synthesis. 
 















































6 位の塩素原子が水素に置換された 53a をリード化合物とし，リード化合物及び中間体に対し直接フッ
素化を行うことで，W1からW6の 6ヶ所にフッ素原子が導入された誘導体を合成した (Scheme 12, Table 
4)． 
リード化合物 53a にフッ素化剤として N-fluorobenzenesulfonimide (57)を作用させたところフッ素化
反応は進行しなかった．より活性の高いMEC-31 (58)を用いるとモノフッ素化反応が進行したものの，位
置選択的に 53b のみが得られた (Table 4, entry 1, 3)．検討したフッ素化剤の中で最も反応性の高い
Selectfluor (59)を用いると，望む非位置選択的なフッ素化反応が進行し 53b，53c + 53dがそれぞれ 32%，
26%のMass の面積比 (反応前の 53a のMass 強度を 100%として算出)で観測された．それぞれをアミノ
シリカゲルカラムクロマトグラフィー及び分取HPLC (Shiseido CAPCELL PAK C18 UG80逆相カラム)
で単離し，53b (15%)，53c (4%)，53d (3%)を得た．得られた誘導体のフッ素導入位置は 1H-NMRでのカ
ップリングコンスタント及びCH-HMBCを用いて決定した (Figure 9)．化合物 53dのカップリングのパ
ターンは他の二化合物と異なることから 2’位にフッ素が導入された構造であると結論づけた．他の二化合
物のうち，53b ではメチレンのプロトンからフッ素が結合する 6’位の炭素原子への HMBC 相関が観測さ
れた．これらの結果から 53b–dの構造を決定した． 
また，鍵中間体 60aを直接フッ素化させることにより，リード化合物 53aの直接フッ素化反応では獲得
できない 2種類のフッ素化化合物 (60e, 60f)を得た．リード化合物に対し望む反応性を示したフッ素化試
剤 59 を用いると中間体 60a のフッ素化は複数個所にフッ素原子が導入され，望むモノフッ素化化合物は
得られなかった (entry 6)．フッ素化剤 57もしくは 58を用いても，アリル位 (W6)にフッ素原子の導入さ
れた 60gは得られず，61h が得られた．フッ素化剤 58 を用いた entry 4 の条件にて望む化合物 60e 及び
35 
 
60fが 13%，17%で得られ，化合物 60e及び 60fは続く 3工程にて 53e及び 53fへ変換し，中間体 60aか
らそれぞれ 3% (53e)，3% (53f)で目的物を得た．得られた 2つのフッ素化中間体 60e, 60fは類似の物性及
び反応性を示すため，最終工程まで混合物で反応を継続した．薄層クロマトグラフィーでもこれらの中間
体はほぼ同一の Rf値であり，最終工程にて 53eと 53fを分取HPLC (Supelco Discovery HS F5逆相カラ
ム)で分離した．結果として中間体の直接フッ素化では 4反応で 2種類の化合物を獲得した．得られた誘導
体の 1H-NMRでのカップリングコンスタントのパターンによりフッ素導入位置を決定した (Figure 10)． 
 
Scheme 12. Direct and non-regioselective monofluorination a 
 
a Reagents and conditions: (a) LiHMDS (1.0 eq.), THF, −78 °C, 30 min, then 58 (1.0 eq.), 1 h, 53%;               
(b) N,N-dimethylcarbamoyl chloride (1.2 eq.), NaH (1.1 eq.), THF, rt, 1 h; (c) SnCl2·2H2O (5.0 eq.), EtOH, EtOAc, 80 °C, 






















































































































































   MeCN
80 oC, 14 h
Table 4
   MeCN




















Table 4. Direct and non-regioselective monofluorination 
conversiona
53b 60e 60f 60g 61h (%)
1 (2.0) 53a 1.0 - - - - 79
2 (2.0) 60a - <0.1 <0.1 0 <0.1 <0.1
3 (1.0) 53a 27 - - - - 88
4
b (1.0) 60a - 13 17 0 1.2 83
5 (2.0) 53a 32 (15) - - - - 99
6 (2.0) 60a - <0.1 <0.1 0 <0.1 99




































a The ratio of 53b–d was determined by LC/MS analysis (MS area%) taking 53a intensity before the reaction 
started as 100%. The ratio of 53e–h was determined by HPLC analysis (UV area%) using 2,4-difluoro-nitrobenzene as 
an internal standatd. Isolated yields are described in parentheses. b CF3CH2OH was used instead of MeCN. 0.2 equiv. of 
NaOTf was used as an additive. c The peaks of 53c and 53d overlapped. 
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Figure 9. Coupling pattern of 53d in 1H NMR and CH-HMBC spectrum of 53b–c 
  





アリル位 (W6)をフッ素化させた化合物 60g は中間体 60a のフッ素化反応より得られなかったため，別
途中間体 62aより合成した (Scheme 12)．中間体 62aのクマリン 4位のメチル基を LiHMDS，フッ素化
剤 58を用いてフッ素化し 53%にて 62gを得た．得られた 62gは既存の手法にてニトロ基をアニリンへ還
元した後，得られたアニリンに，別途調製したスルファモイルクロリドを作用させ目的化合物53gを得た． 
 
R2 部位にメチル基を有する化合物 54a に対しても同様なフッ素化手法を行い，フッ素化化合物 54b, 
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H-F
 = 2.2 Hz
53e 53f
56 56
H-5 :7.85 ppm H-5: 7.68 ppm
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第三節 フッ素化合物の in vitro活性・物性評価 
 
 W1からW6の位置がそれぞれフッ素化された誘導体のRaf阻害活性，MEK阻害活性，細胞増殖抑制活
性評価を行い，比較対象として 53a (R2 = H)及び 54a (R2 = Me)の評価結果を Table 5に示す． W3の位置
がフッ素化された 2化合物はいずれもRaf阻害活性，MEK阻害活性，HCT116細胞増殖抑制活性がそれ
ぞれ 3倍程度，3倍程度，40倍程度向上した (53d, 54d)．またW4，W5及びW6位置のフッ素化は，親化
合物の活性を維持した (53e–g, 54e, 54g）．一方，W2位置がフッ素化されるとMEK活性は維持されたが
Raf及び細胞増殖活性の低下が観測され (53c)，W1位置のフッ素化では全ての活性が 1/10程度低下した  
 
























a CLint (mL/min/mg) PAMPA AUC p.o.
b
C-Raf MEK1 HCT116 (mg/mL) in human LM (10
-6
 cm/s) (mM·h)
53a H H H H H H H 250 230 95 32 6 6    104
d
53b F H H H H H H 830 940 950 9 6 5    176
53c H F H H H H H 1100 44 610 37 6 6 ND
53d H H F H H H H 13 53 18 273 6 6 40
cd
53e H H H F H H H 180 110 87 114 6 5 61
c
53f H H H H F H H 120 240 140 ND           ND ND ND
53g H H H H H F H 220 60 200 14 7 4 84
54a H H H H H H Me 300 110 24 32 20 6 78
d
54b F H H H H H Me 2400 2900 550 51 22 5 75
54d H H F H H H Me 8 38 9 81 13 5 70
d
54e H H H F H H Me ND 64 22 55 13 5 99
54g H H H H H F Me 120 66 30 72 22 4 86
W2 W3 W4 W5 W6 R2compd W1
IC50 (nM)
    a In FaSSIF. b Compounds were evaluated in 24-h exposure studies in mice at 100 mg/kg and formulated as 
solutions of 5% DMSO, 5% Cremophor EL, 15% PEG400, 15% HPCD, and 60% water. c At 50 mg/kg. d Administered as 
mono sodium salt. 
39 
 
(53b, 54b)．リード化合物 53a, 54a のフッ素スキャンでは，6箇所のフッ素化中 4箇所では活性の維持も
しくは向上が確認された． 
 化合物の FaSSIF (人工腸液)に対する溶解度評価では，2つの化合物(53b, 53g) が 1/2から 1/3程度に低
下しそれぞれ 9 mg/mL，14 mg/mLを示したものの (親化合物 53a: 32 mg/mL)、残りの 9化合物では溶解
度の維持または向上が見られた．特に，活性向上が得られた W3位置へのフッ素化では 2.5–8 倍程度の溶












薬物動態試験での AUC の結果は，いずれのフッ素化化合物もリード化合物と同程度以上であった 















ッ化セシウムを作用させフッ素化合物 63d を得た．得られた 63d を四塩化炭素中，NBS，過酸化ベンゾ
イルを用いて臭素化した後，得られたブロミドを水素化ナトリウム，アセト酢酸エチルの THF 懸濁液に
加え，エステル 56d を得た．得られた 56d とレゾルシノールとの Pechmann 反応を行い W3位にフッ素
原子が導入されたクマリン 60dを得た．得られたクマリン 60dを塩化スズでニトロ基を還元してアニリン
体 60dとした．アニリン 64dに塩基存在下，対応するハロゲン試薬と反応を行いピリミジル部位もしくは
チアゾリル部位を導入した後，スルファミド化試薬との反応で目的化合物 65dおよび 66dを得た． 
 
Scheme 13. Synthesis of compounds possessing fluorine at W3-positiona 
 
a Reagents and conditions: (a) CsF (1.5 eq.), DMSO, 140 °C, 10 h，82%; (b) NBS (1.2 eq.), benzoyl peroxide (0.1 eq.), 
CCl4, reflux, 5 h; (c) NaH (1.0 eq.), ethyl acetoacetate (1.0 eq.), THF, 0 °C, 12 h, 42% for 2 steps; (d) resorcinol (1.0 eq.), 
conc. H2SO4, 0 °C, 12 h, 64%; (e) SnCl2·2H2O (5.0 eq.), EtOAc, reflux, 1.5 h, 71%; (f) 2-bromopyrimidine or 
2-bromothiazole (4.0 eq.), Cs2CO3, DMF, 100 °C; (g) N-methyl-2-oxo-oxazolidine-3-sulfonamide (3.0 eq.), Et3N (5.0 eq.), 



















































 W3位置でのCH/CF変換前後の誘導体の活性および物性の結果を Table 6に示す．既に示したW3位の
CH/CF 結合変換による Raf/MEK 阻害活性・細胞増殖抑制活性の増強は，R1部位がカルバメートの場合
のみならず，ピリミジル基やチアゾリル基の場合にも観測された．ピリミジル基の場合，Raf 活性 (>400
倍)，MEK活性 (8 倍)，細胞増殖活性 (11 倍），の増強が観測され (65a, 65d)，チアゾリル基の場合も，




















a CL (mL/min/mg) PAMPA AUC p.o.
b
C-Raf MEK1 HCT116 (mg/mL) in human LM (10
-6
 cm/s) (mM·h)
54a H 300 110 24 32 20 6 78
c
54d F 8 38 9 81 13 5 70
c
65a H >10000 810 190 29 20 6 223
65d F 23 97 17 13 7 6 425
66a H 1500 59 160 9 24 2 190
c











a In FaSSIF. b Compounds were evaluated in 24-h exposure studies in mice at 100 mg/kg and formulated as 
solutions of 5% DMSO, 5% Cremophor EL, 15% PEG400, 15% HPCD, and 60% water. c Administered as mono sodium 
salt. 
 







 ヒト肝ミクロソーム中のクリアランス値は，ピリミジル基で 2.9倍 (65d)，チアゾリル基で 2.7倍 (66d)
低下し，フッ素化の効果が顕著ではなかったカルバメート誘導体とは好対照な結果が得られた．カルバメ
ート誘導体のヒト肝ミクロソームの代謝実験では，スルファミド部位の脱メチル化 (31)・右ベンゼン環の
酸化 (46)・カルバメート部位の酸化および加水分解 (47, 48)が観測されているが (Chart 8, 第二章･第五





ト 54a，ピリミジル 65a，チアゾリル 66a を比較すると，その AUC はピリミジル，チアゾリル化合物に
て優位に高い．ピリミジル基，チアゾリル基を有するフッ素化誘導体は，代謝部位であるベンゼン環の代
謝安定性の向上が得られたため，そのAUCはフッ素化前と比較して 2倍程度向上した (Table 6）． 
 














 フッ素原子と他の原子・官能基との比較を行うため，W3及びW4位の誘導体合成を行った (Scheme 14, 




ヨウ素を導入した後，常法により 73を得た (Scheme 15)．W4位にシアノ基，エチニル基を有する誘導体
では，ヨウ素体 72 から，シアン化銅によるシアノ基の導入もしくはトリメチルシリルアセチレンとの薗
頭カップリングによりW4位を官能基化し，得られた 74及び 75を同様な手法で 76 及び 77 へ導いた． 
 
Scheme 14. Synthesis of compound 70a 
 
a Reagents and conditions: (a) ethyl acetoacetate (4.0 eq.), NaH (1.2 eq.), THF, rt, 12 h, 25%; (b) resorcinol (1.5 eq.), 
conc. H2SO4 (3.0 eq.), 92%; (c) SnCl2･2H2O (5.0 eq.), EtOAc, 80 °C, 7 h, 67%; (d) 2-bromopyrimidine (2.0 eq.), Cs2CO3 (1.5 


































Scheme 15. Synthesis of compounds 73, 76 and 77a 
 
a Reagents and conditions: (a) NIS (1.0 eq.), TFA, rt, 12 h, 44%; (b) N,N-dimethylcarbamoyl chloride, NaH, DMF, 0 °C, 
75%; (c) SnCl2･2H2O (5.0 eq.), EtOAc, 80 °C; (d) N-methyl-2-oxooxazolidine-3-sulfonamide (3.0 eq.), Et3N (5.0 eq.), 
MeCN, 75 °C, 3.5 h. (e) CuCN (1.5 eq.), DMF, 130 °C, 15 h, 85%; (f) trimethylsilylacetylene (5.0 eq.), DIPEA (1.1 eq.), 
Pd(PPh3)2Cl2 (0.05 eq.), CuI (0.1 eq.), THF, 55 °C, 10 h, 78%; (g) TBAF (1.1 eq.), THF, rt, 1 h, 92%. 
 
 活性向上が得られたW3位をフッ素原子から，さらに大きなメチル基に置き換えると活性の低下と共に，
























































































solubility in CLint in human LM AUC po
a
C-Raf MEK1 HCT116  FaSSIF (mg/mL) (mL/min/mg) (mM·h)
70 Me H 3600 4200 330 <4 ND ND
32 H Cl 8 7 4 13 22   51
b
73 H I 25 5 8 8 33 16
71a H Me 78 29 22 11 17 18
76 H CN 55 85 24 40 15 39
77 H CCH 70 100 140 21 ND ND
IC50 (nM)






a Compounds were evaluated in 24-h exposure studies in mice at 100 mg/kg and formulated as solutions of 5% 
DMSO, 5% Cremophor EL, 15% PEG400, 15% HPCD, and 60% water. b Administered as mono sodium salt. 
 
 
第六節 含フッ素誘導体 CH5082734 の毒性・薬物動態・薬効評価 
 
 前節で述べた Table 6及び Table 7の結果を得て，化合物 65d (CH5082734)を臨床候補化合物と特定し
た．ピリミジル誘導体 65aはカルバメート誘導体 54aと比較して細胞増殖阻害が 20倍程度減弱し 190 nM
であったが，フッ素原子の導入により 17 nMに至り (第四節･Table 6)，ピリミジル誘導体の持つ代謝安定
性の寄与を最大限活用したより高活性な化合物となった．チアゾリル誘導体 66dも同様に活性の向上が得
られたが，hERG阻害活性 (93% at 10 mM)が確認されたため，心毒性のリスクが高いと判断した． 
CH5082734 の薬物動態試験では，動物種によらず安定して良好なプロファイルが得られた (Table 8, 
マウス F = 75%，ラット F = 84%，サル F = 59%)．カルバメート部位をピリミジンへと置換したことで全
体的な代謝安定性の向上が得られたため，Table 3に見られたスルファミド部位のメチル基置換による PK
プロファイルの低下の影響は小さいと考えられた．CYP 阻害活性では，フッ素化により CYP5 種との相
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互作用の強さは維持・減弱傾向となった (Table 9)．Raf/MEKと CYP とでは別の構造活性相関を有する
と予測されるため，Raf/MEK で高活性化したW3部位でのフッ素化が CYP に対しては維持・減弱傾向が
得られたと考えられる (Raf/MEKでは，フッ素化 6箇所のうち，向上 1，維持 2，減弱 3であった)．結果
的にCYP阻害とRaf/MEK阻害との選択性はCH/CF変換により 5倍以上向上した．hERGタンパクに対
しては 10 mMで 25%の阻害であり，心毒性リスクは低いと判断した．Xenograft試験ではHCT-116癌種
に対して強力な阻害を示した (Figure 11)．用量依存的な抗腫瘍効果が得られ，最大耐用量では癌の縮小
が確認された (TGI = 119%, MTD = 30 mg/kg, ED50 = 1.4 mg/kg) ．            
 
Table 8. PK profile of sodium salt of 65d (CH5082734) in mouse, rat and monkeya 
parameter mouse rat monkey
iv /po dose (mg/kg) 10 / 20 5.0 /10 2.5 / 5.0
AUCinf (mM·h), po 75 43 108
t 1/2 (h), iv 1.3 2.9 4.8
Cl (mL min-1 kg-1) 6.8 6.6 0.9
F  (%) 75 84 59  
a Vehicle: 5% DMSO/5% Cremophor EL/15% PEG400/15% HPCD/60% water  
 
Table 9. CYP inhibition and hERG inhibition 
1A2 2C9 2C19 2D6 3A4
65a >100 9.2 36 44 17 ND
65d
(CH5082734)
>100 19 48 >100 26 25%
compd










Figure 11. In vivo efficacy of sodium salt of CH5082734 (65d) in the HCT116 human colon cancer 
xenograft model. HCT116 cells were inoculated subcutaneously into the right flank of BALB-nu/nu 
mice. Tumors were allowed to establish growth after implantation before initiation of treatment. 
CH5082734 (65d) was administered orally once daily for 11 days, from day 0 to day 10. Tumor size 





































Days after first treatment
Vehicle
CH5082734  0.3 mg/kg
CH5082734  1 mg/kg
CH5082734  3 mg/kg
CH5082734  10 mg/kg




























































ル，in vivoでの抗腫瘍効果を示した．一方，FaSSIFに対する溶解性は 13 mg/mLとクマリン誘導体郡の









CH/CF 結合変換と同様，分子の立体構造変化を小さく抑える化学変換として芳香環の CH/N 結合変換
が挙げられる 40．近傍の官能基との電子反発や相互作用がない場合，CH/N変換では他の化学変換 (CH→





であり 42，ベンゼン環からピリジン環への変換で hERG阻害減少例が報告されている 43a–d．また，cLogP
値に関わらず，hERG タンパクと化合物の相互作用では CH-π相互作用が鍵であると言われており 43e，
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芳香環の CH/N 変換はこの相互作用力減少にも寄与すると期待できる．CYP 阻害の鍵相互作用を明らか
にする研究も行われているが 44a–e，ピリジン環の窒素原子とCYPの鉄原子との相互作用によりCYP阻害












含窒素クマリン誘導体 (54, 65, 71, 85, 86)の合成を第二章･第四節で述べた Scheme 4 の改良法 
(Scheme 16)に従って行った．本合成経路の鍵は窒素原子を有する化合物 56 の Pechmann 反応によるク
マリン環の構築である．窒素原子の導入により Pechmann反応の反応性が大きく変化する場合があり，ク
マリン環構築には反応条件の検討が必要な場合があった．X2–5 位及び Y 位に窒素原子を有する化合物
56j–m, o, p では，定法で Pechmann反応が進行したため，Scheme 4の合成経路に従って目的化合物を得
た．ブロモメチルピリジン誘導体 79j–m から調製したアセト酢酸エチル誘導体 56j–m とレゾルシノール 
(80a)もしくは 80f を濃硫酸中で Pechmann 反応を行い，クマリン 60j–m を得た．クマリン 60 のヒドロ
キシ基に R1置換基を導入した後，アニリン部位をスルファミド化試薬と反応させて X2–5の位置に窒素原
子を有するクマリン誘導体 60j–l, 71m を合成した．X5 位に窒素原子を有するクマリン環の構築では 
(Table 10)，レゾルシノール (80a)を用いるとアセト酢酸エチル誘導体 87mもしくは 56mとのPechmann







する誘導体では，3-ニトロアニリン (79q)と既知の手法で調製した 8346からアセト酢酸エチル誘導体 56q
を合成した．化合物 56q を用いてクマリン誘導体 86q へと導いた．R1にフェニル基を有する誘導体の合
成では，クマリン 60 のフェニルエーテル化が困難であった．そこで，レゾルシノール (80a)の代わりに
3-フェノキシフェノール (80n)を用いてクマリン 84nを合成し，クマリン誘導体 85nへ導いた．X1位に窒
素原子を有するクマリン 64iでは Pechmann反応の通常反応条件下で目的物が得られず，濃硫酸の代わり
にルイス酸として Zn(OTf)247を用いることでクマリン 64i を得た (Table 11)．得られた 64iを先と同様な

















Scheme 16. Synthesis of coumarins 54, 65, 71, 85, 86a  
 
a Reagents and conditions: (a) (Boc)2O, 60 °C, then, (Boc)2O, THF, DMAP, rt; (b) NBS, benzoyl peroxide or AIBN, 
CCl4, reflux; (c) ethyl acetoacetate, NaH, THF, 0 °C; (d) 80, conc. H2SO4; (e) LDA, THF, −78 °C, 2 h; then, DMF, −78 °C 
to 0 °C; then, NaBH4, 0 °C 58%; (f) TBSCl, imidazole, THF, rt, 93%; (g) benzophenone imine, NaOtBu, Pd2(dba)3, 
rac-BINAP, toluene, 60 °C; (h) TBAF, THF, 76% (2 steps); (i) MsCl, LiOtBu, THF, 0 °C, then, ethyl acetoacetate, LiOtBu, 
NaI, THF, 50 °C, 3 h, 95%; (j) 80a, MsOH, CF3CH2OH; (k) 83, THF, 70 °C, 12 h, 78%; (l) TiCl3, 20–30% HCl aq., acetone, 
rt, 30 min, 71 %; (m) SnCl2･2H2O, EtOAc, 75 °C; (n) R1X, Cs2CO3 or K2CO3 or NaH, DMF; (o) R1X, CuI, 
N,N’-dimethylethylenediamine, Cs2CO3, DMF, 100 °C; (p) N-methylsulfamoyl chloride, pyridine, DMF; (q) 
































































































































 = N or CH or CF








60j -m, 60o, 60q
79q 56q
54, 65, 71, 85, 86: M = H
65 (salt): M = Na or K
s




































1 80a (3.0 eq.) 87m H2SO4 (3.0) rt 3 h 64m (0%)
2 80a (3.0 eq.) 87m NH2SO3H (3.0) 100 ˚C 3 h 64m (0%)
3
a 80a (3.0 eq.) 87m ZrCl4 (1.0) 100 ˚C 3 h 64m (0%)
4 80a (3.0 eq.) 56m H2SO4 (3.0) rt 2 h 88m (0%), 89 (65%)
b
5 80m (5.0 eq.) 56m H2SO4 (6.0) rt 18 h 60m (49%)
c
entry acid (eq.) temp. time result
*SNOO* S NOO
 
   a Toluene was used as a solvent. b Determind by LC/MS detector. c Isolated yield (TFA salt).  
 
Table 11. Pechmann reaction of 2,6-dihydroxypyridine and ethyl ester 27 
 
1 H2SO4 (3.0) none rt 0
2 ZrCl4 (1.0) toluene 100 ˚C 0
3
b
ZnCl2 (1.0) MeOH 100 ˚C 68
4
b Zn(OTf)2 (1.0) MeOH 100 ˚C 77
entry acid (eq.) solvent temp. yield (%)
a
* S NOO  








































































第三節 含窒素クマリン誘導体の in vitro活性・物性評価 
及び CH5126766の創製 
 
Table 12に示す含窒素クマリン誘導体 (54i–l, 71m)の中で，X3位への窒素置換基導入のみが CH/N変
換実施前の化合物 54a, 71a と比較して酵素活性及び細胞増殖抑制活性を維持した (54k)．X2位への窒素
原子導入では (54j)，酵素阻害活性は 54kと同程度の活性を示すものの，細胞増殖抑制活性は 10倍程度低
下した．X1位に窒素原子を有する 54iでは酵素活性が 4–8倍低下，細胞増殖抑制活性が 50倍低下し，54l 
(X4 = N)，71m (X5 = N)では 100倍以上低下した． 
 

























a CLint in human LM PAMPA AUC po
b
C-Raf MEK1 HCT116 HT-29 (mg/mL) (mL/min/mg) (10-6 cm/s) (mM·h)
  54a H CH CH CH CH CH 300 110 24 9 32 20 6   78
c
  54i H N CH CH CH CH 2500 440 1100 600 43 3 3 ND
  54j H CH N CH CH CH 70 110 270 73 320 7 6 314
  54k H CH CH N CH CH 32 99 32 25 55 6 7 134
  54l H CH CH CH N CH >50000 >50000 >10000 >10000 240         ND ND ND
  71a Me CH CH CH CH CH 78 29 22 8 11 17 4 18
  71m Me CH CH CH CH N 27000 37000 >10000 5700 425         ND ND ND
X5
IC50 (nM)
Compd W4 X1 X2 X3 X4
  a In FaSSIF. b Compounds were evaluated in 24-h exposure studies in mice at 100 mg/kg and formulated as 
solutions of 5% DMSO, 5% Cremophor EL, 15% PEG400, 15% HPCD, and 60% water. c Administered as mono sodium 
salt. 
 
Table 12 に示す全ての含窒素クマリン誘導体 (54i–l, 71m)で溶解度の向上傾向及び代謝安定性の向上
が認められた．LySA法 26bを用いた FaSSIF (人工腸液)中の溶解度試験では 54i, 54kが同等以上，54j, 54l, 
71m では 8–40 倍の溶解度向上が確認された．加えて肝ミクロソームでの代謝安定性試験では，X1-3に窒
55 
 
素を有するクマリン誘導体 54i–kのクリアランス値が 1/3–1/7に低下した．このような in vitro評価での
物性の向上を反映し，マウス薬物動態試験で 2–4倍のAUC向上が確認された (54j–k)． 
 
 続いて，X6–8位 (R1部位)及び Y位の窒素スキャンを行った (Table 13)．第二章･第五節･Scheme 6で示
したようにジメチルカルバメート (R1部位)は代謝に不安定であり，カルバメート部位の置換は有効と考え
られる．強い活性を得るにはカルバメート部位は重要であるが (第三章･第一節･Scheme 8)，W3位へのフ
ッ素原子の導入により活性向上が期待できる (第三章)．さらに X3 位への窒素原子の導入により物性の向
上も期待できることから (Table 12)，R1部位を変換しても高活性かつ好ましい物性の誘導体が得られると
考えられた．R1 部位の官能基変換を行ったところ 27，R1 ＝ Phを有する誘導体 85n に強いRaf/MEK阻
害活性及び細胞増殖抑制活性が見られた．一方低い溶解度 (18 mg/mL)を示したことから，R1部位の窒素
スキャンを実施した．その結果，変換部位 3 箇所中 2 箇所で細胞増殖抑制活性を維持・向上が見られた 
(Table 13)．化合物 85nのX6及びX7位を変換した 85o, 65rは 2–3倍細胞増殖抑制活性が向上した．一方，
X8位をCH/N変換した 85pは細胞増殖抑制活性が 1/10に低下した．活性を維持したピリミジン 65rの溶
解度を測定すると，フェニル 85n に比べ 9倍の溶解度向上が確認された (65r: 159 mg/mL)．以上のように
代謝不安定なカルバメートを代謝安定なピリミジンへと変換した． 
Table 12で観測された X3位のCH/N変換の活性・物性への効果は，ピリミジン 65r, 65d (CH5082734)
でも認められた．化合物 65rの酵素活性，細胞増殖抑制活性は 65dと同等の値を示し，物性面では溶解度
が 10倍向上し，ヒト肝ミクロソーム中でのクリアランス値は 1/10以下まで低下した．これらの物性の向
上を反映してマウス薬物動態試験でのAUCが 7倍向上し，化合物 65rはAUC = 2831 mM･h (100 mg/Kg)
と高い AUC が得られた．化合物 65r は高い酵素阻害活性・細胞増殖抑制活性，良好な物性を示し，遺伝
毒性試験の結果においてもMNT試験，AMES試験が陰性であったことから，65d (CH5082734)と同様，
臨床候補化合物として評価を進めた． 



























a CLint in human LM AUC po
b
C-Raf MEK1 HCT116 HT-29 (mg/mL) (mL/min/mg) (mM·h)
85n N CH CH CH CH2 F 21 76 110 54 18 ND ND
85o N N CH CH CH2 F 81 190 45 23 ND ND ND
85p N N CH N CH2 F 56 650 900 690 ND ND ND
65r
(CH5126766)




CH N N CH CH2 F 23 97 17 10 13 7 425
86q CH N N CH NH H >50000 >50000 >10000 4900 60 ND ND
W3
IC50 (nM)
Compd X3 X6 X7 X8 Y
 
 a In FaSSIF. b Compounds were evaluated in 24-h exposure studies in mice at 100 mg/kg and formulated as 




第四節 窒素原子の導入による CYP及び hERG阻害への影響 
 
CH/N 変換前後のCYP阻害，hERG阻害への影響を比較すると，阻害の低下傾向が観測された (Table 
14)．ピリジン誘導体 54k (R1 = N,N-ジメチルカルバメート)では，CH/N変換前の化合物 54aと比較する
と CYP2C9, 3A4に対して阻害の低下が確認され，IC50 >100 mMを示した．また，ピリジン誘導体 65r (R1 








Table 14. The effect of CH/CN substitution to CYP and hERG 
 
2C9(−/+) 3A4(−/+)
54a 29 / 96 13 / 6 ND
54k >100 / >100 >100 / >100 ND
65d (CH5082734) 19 / 19 26 / 11 25
65r (CH5126766) 12 / 60 >100 / >100 No inhibition
Compound






a IC50 (−) and IC50 (+) values were determined after a 30-min pre-incubation 
       without and with NADPH, respectively. b At 10 mM. 
 
 CYP阻害と同様，CYP誘導は薬物相互作用に大きな影響を与えることが知られており，CYPの誘導に
よる併用薬の薬効低下が懸念となる．CYP の誘導については CH/N 変換による影響は軽微であったもの
の，化合物 65d, 65r 共にリスクは低いと判断した．各種 CYP の誘導を測定すると，CYP1A では陽性対
照であるOmeprazoleの誘導量に対し 3% (65d), −4% (65r)の誘導量であり，CYP3AではRifampicinに
















































うち，活性を維持した部位は 3 か所であり，他の 6 か所では 8–1000 倍以上の活性低下が見られた．この
活性減弱の原因として (1) 化合物の立体配座の変化，(2) 窒素原子導入による標的タンパクとの電子的な
反発，(3) 脂溶性の低下による標的タンパクとの親和性の低下が考えられる．窒素原子導入による活性の
維持を達成するには，これら 3点の影響が小さい場合であると考えられる． 












Figure 12. Rotatable bonds of a coumarin derivative. 
 
X8–X10位の CH/N 変換による二面角1および2への影響を見積もるため，ケンブリッジ結晶構造デー
タベース (CSD)から低分子結晶構造の解析を行った (Figure 13 (A))．1に注目すると，X8 = X9 = CH (黒)





























Figure 13. (A) Torsional distributions in small molecule crystal structures from the CSD data (* = CR 
or N). (B) Schematic representation of lone pairs of nitrogen and oxygen atoms. 
 
1 = 0°, 180° (360°は等価)，X6/X8 = N (赤)では1 = 180°に偏りが見られた．2についても含窒素誘導体で















X6 = X7 = N































































X2–X5位においても同様な傾向が見られた (Figure 14–16)．Figure 14–16に示す部分構造を有する結
晶構造例が少数のため，二面角のポテンシャルエネルギ－を計算した (B3LYP/6-31G(d))．Figure 14に示
す X1位に窒素原子を有する化合物では，1 = 180°付近に安定な二面角 (ΔE <5 kJ/mol)が見られ1への影
響は小さいと考えられる一方，2 = 180°付近の立体配座はとり難いことが示唆された．X1位の窒素原子と
カルバメート部位のカルボニル基の電子反発が考えられる．X2 = Nの化合物での二面角3，4では (Figure 




えられた．スルファミドと芳香環との二面角5，6では (Figure 16)，Figure 14–15に比べると顕著な傾
向ではないが，ΔE が 10 kJ/mol 以下の二面角に注目すると同様な傾向が見られ，含窒素誘導体の安定な
立体配座はベンゼン環の立体配座とよい重なりを見せた．X4，X5位に比べスルファミドのオルト位に位置









Figure 14. Potential energy surfaces calculated at the B3LYP/6-31G(d) level. 
 
 
Figure 15. (A) Potential energy surfaces calculated at the B3LYP/6-31G(d) level. (B) Energy difference 






































































Figure 16. (A) Potential energy surfaces calculated at the B3LYP/6-31G(d) level. (B) The most stable 
conformation of 2-(N-methylaminosulfamoyl)-pyridine in potencial energy surfaces. 
 
一方，アルキル部位 (Y位)のCH/N変換では，窒素原子と炭素原子で異なる立体配座を与える可能性を
示唆した (Figure 15)．3に注目すると，Y = CH2の構造では安定結合角度が 90°付近であるのに対し，Y 











































































X6/X8 の CH/N 変換は X6位への窒素原子導入により立体配座が制限されると考えられるが，X6 と X6/X8








Table 15. Effects on bioactivity and torsion angles by nitrogen substitutions. 
 
1     
X1 Decreased No effect Overlapped
a －b －b －b －b Not identified
X2 Decreased －












b －b No effect No effect Small effect Small effect Electrostatic repulsion
d
X5 Decreased －
b －b No effect Overlapped












a －b －b －b －b Electrostatic repulsion
d








a Stable conformations could be limited by nitrogen substitutions, but the conformations overlap well with those of 
the parent. b Theoretically, nitrogen substitutions at these positions do not affect conformational changes. c Different 
conformations from those of the parent are expected. d Electrostatic repulsion between the introduced nitrogen atom 







































溶出性試験 50にて臨床候補化合物 65r, 65d のカリウム塩の FaSSIF に対する溶解度 (過飽和溶解度)を
測定すると，ピリジン誘導体 65r が 57 mg/mL の溶解度を示し，4.8 倍向上していることが確認された 
(Table 16)．一方フリー体の溶解度（飽和溶解度）を測定すると，ピリジン誘導体 65r は同程度かやや低
い溶解度 (65r: 2.7 mg/ml, 65d: 5.5 mg/mL)を示し，第三節･Table 13で示した LySA法での溶解度とは逆
の結果が得られた．  
 
Table 16. Saturated and supersaturated solubility 
Free Potassium salt
CH5126766 (65r) 2.7 57 159
CH5082734 (65d) 5.5 12 13
Compd




a See Table 13. 
 













CH5126766 (65r)  : X
3
 = N





















 CH/N 変換により得られた CH5126766 は CH5082734 と比較して Table 13,16 に示す溶解度，代謝安
定性の優位性を反映し，優れた薬物動態プロファイルを示した (Table 17)．CH/N変換前後の両化合物を
比較すると，CH/N 変換によって得られた CH5126766 はマウス・ラット・サルの全ての動物種で薬物動












compd 65r 65d 65r 65d 65r 65d
iv / po Dose (mg/Kg)
d 2.5 / 5 10 / 20 1 / 1 5 / 10 0.5 / 1 2.5 / 5
AUCinf (mM·h), po 147 75 33 43 272 108
AUC / dose, po 29 3.7 33 4.3 272 22





) 1.1 6.8 0.7 6.6 0.1 0.9
F (%) 93 75 66 84 82 59
mouse rat monkey
 
a Vehicle: 5% DMSO/10% HPCD/85% water. b Vehicle: 5% DMSO/5% Cremophor EL/15% PEG400/15% HPCD/60% 
water. c Administered as mono sodium salt. d Dose based on molecular weight of salt. 
 
 CH5126766 (65r)，CH5082734 (65d)はHCT116 Xenograft modelによる抗腫瘍試験にて用量依存的な
薬効を示した (Figure 17, 第三章･第六節･Figure 11)．CH5126766及びCH5082734は明らかな癌の縮小
効果が見られ，最大耐用量での抗腫瘍活性はCH5126766: TGI = 128%，CH5082734: TGI = 119%と同程
度の強い抗腫瘍効果を示した．一方，CH5126766 は in vitro での細胞増殖抑制活性が CH5082734 と同
程度であるにも関わらず，薬物動態プロファイルの向上を反映し投与量の大幅な低減が観測された．
CH5126766 は 1/25 の投与量で化合物 CH5082734 と同等の効果を示した (CH5126766: ED50 = 0.056 
mg/kg, MTD = 1.0 mg/kg，CH5082734: ED50 = 1.38 mg/kg, MTD = 30 mg/kg)．薬物動態プロファイル
の向上が Xenograft modelでの抗腫瘍試験に反映されたことが確認された． 
同様の傾向は Figure 18に示すようにC32 (B-RafV600E変異性メラノーマ)のXenograftモデルでも観測
された (CH5126766: IC50 = 47 nM (in vitro), TGI = 118%, MTD = 1.5 mg/kg, ED50 = 0.09 mg/kg, 




















CH5126766 (65r)  : 




Figure 17. In vivo efficacy of potassium salt of CH5126766 in the HCT116 human colon cancer 
xenograft model. HCT116 cells were inoculated subcutaneously into the right flank of BALB-nu/nu 
mice. Tumors were allowed to establish growth after implantation before initiation of treatment. 
CH5126766 was administered orally once daily for 11 days, from day 0 to day 10. Tumor size was 
measured twice per week. Values are mean ± SD, n = 4. 
 
  
Figure 18. In vivo efficacy of CH5126766 (K salt) and CH5082734 (Na salt) in the C32 human 
malignant melanoma xenograft model. C32 cells were inoculated subcutaneously into the right flank 
of BALB-nu/nu mice. Tumors were allowed to establish growth after implantation before start of 
treatment. CH5126766 and CH5082734 were administered orally once daily for 11 days, from day 0 to 


























Days after first treatment
Vehicle
CH5126766  0.03 mg/kg
CH5126766  0.1 mg/kg
CH5126766  0.3 mg/kg
























Days after first treatment
Vehicle
CH5126766  0.03 mg/kg
CH5126766  0.1 mg/kg
CH5126766  0.3 mg/kg






















Days after first treatment
Vehicle
CH5126766  0.03 mg/kg
CH5126766  0.3 mg/kg
CH5126766  0.75 mg/kg





















Days after first treatment
Vehicle
CH5082734  0.3 mg/kg
CH5082734  1 mg/kg
CH5082734  3 mg/kg
CH5082734  10 mg/kg




た (第六節･Table 16)．薬効量と溶解度に基づく生物薬剤学分類システム (BCS)によると，CH5126766










第八節 臨床化合物 CH5126766 のキナーゼ選択性及び細胞感受性 
 
臨床化合物 CH5126766 は高いキナーゼ選択性を示した．Table 18 に示す 31 種のキナーゼ及び
KINOMEscanのキナーゼパネル (256キナーゼ)15aにおいて，それぞれ IC50 <5 mMもしくは 50%以上の
競合阻害を示すキナーゼは RafとMEKのみであった．Rafの阻害ではC-Rafのみならず，B-Raf及び変
異性B-Raf V600Eに対しても強い阻害活性を示した ． 
B-Rafの変異はメラノーマの癌化と深く関係しており，vemurafenib (4)をはじめとするRaf阻害剤には，








Table 18. Kinase selectivity of CH5126766 
kinase IC50 (nM) kinase IC50 (nM) kinase IC50 (nM)
MEK1 160 EGFR >50000 IGF1R >50000
C-Raf 56 Erb4 >50000 InsR >50000
B-Raf 19 Kit >50000 EphA2 >50000
B-RafV600E 8 PDGFR >50000 FAK >50000
ALK >5000 Flt3 >50000 YES >50000
PKA >50000 FGFR2 >50000 Fyn >50000
PKCz >50000 KDR >50000 Lyn >50000
GSK3b >50000 AXL >50000 lck >50000
cdk1 >50000 RON >50000 BRK >50000







 また，CH5126766はMAPK経路が活性化されている細胞株に対して強い抗腫瘍効果を示した (Figure 
19)．IC50値が 0.1 mM 以上の高い抗腫瘍効果を示す株では，MEK のリン酸化量が増大しており MAPK



























































































































 = F or H
X
1-8 
= N or CH












ーによる精製の回避），3) 超低温反応（－78 ℃）の回避，を目的とした反応の検討を行った． 
合成ルートはこれまでの誘導化の知見を参考に以下の合成ルートを選択した  (Scheme 18)．
CH5126766はクマリン60oより順次官能基を導入することにより合成することとし，クマリン60oは80a
と 91 の Pechmann 反応により構築することとした．Pechmann 前躯体となるエチルエステル誘導体 91
は，安価で購入可能な 2-クロロ-3-フルオロピリジン (81o)よりヒドロキシメチル基の導入，アミノ基の導
入で得られる化合物 90 を用いたアセト酢酸エチルのアルキル化により合成することとした． 
 




















































 はじめに，出発原料 81o の 4 位へのヒドロキシメチル基導入の検討を行った  (Table 19)．文献既知の
手法 51にて LDAを用いてピリジン 4位にアニオンを生成させ，次いでN,N-ジメチルホルムアミドを作用
させることで 92o を系中で得た (entry 1)．化合物 92o の生成した溶液に水素化ホウ素ナトリウムを作用




に LDA を用いて－20 ℃でリチオ化を行うと，複雑な反応系を与え望む生成物 92o は得られなかった 
(entry 2)．この結果からリチウムアニオンが－20 ℃では不安定であることがわかった．塩基として tert-
ブトキシカリウムを用いた場合も，同様に目的物は得られなかった (entry 3)．entry 3の条件では 94 も
しくは 95 (Chart 9)と推定される副生成物が観測され，ピリダインの生成が示唆された．一方，n-ブチル
リチウムとジブチルマグネシウムの混合塩基試薬を用いて反応を行うと，中程度の収率ながら目的物が得
られた (entry 4)．リチウムアニオンに比べ，マグネシウムアート錯体がアニオンを安定化することが報告
されており 52，それを支持する結果が得られた (entry 2, 4)．ホルミル化試薬として用いたN,N-ジメチル
ホルムアミドの共存下で塩基を添加すると，LDA を用いても 50%の収率 (HPLC 分析)で目的物が観測さ
れた (entry 5)．この反応ではアニオンの生成と同時にホルミル化が進行し 92o が得られるため，不安定
であるアニオンを数時間攪拌した後にホルミル化する方法 (entry 1–4)に比べ，再現性が高くスケールア
ップに適した手法である．さらに塩基を LiHMDSに変更すると 96%の収率 (HPLC分析)でホルミル化が







Table 19. Introduction of hydroxymethyl group 
 
entry conditions yield of 92o
a
1 LDA (1.0 eq.), THF, −78 ˚C, 2 h, then DMF (10 eq.) 68 (58
b
)




Bu (1.0 eq.), THF, −20 ˚C, 1 h, then DMF (2.0 eq.) 0
4 nBu3MgLi (1.0 eq.), THF, −15 ˚C, 1 h, then DMF (2.0 eq.) 40
5 LDA (1.1 eq.), DMF (2.0 eq.), THF, 0 ˚C, 30 min 50
6 LiHMDS (1.1 eq.), DMF (2.0 eq.), THF, 0 ˚C, 30 min 96 (85
b
)  
     a Determined by HPLC detector. b Isolated yield of compound 93o.  c Complex mixture. 
 
Chart 9. Plausible structures of byproducts a 
 


































第三節 ピリジン 2位へのアミノ基の導入 
 
化合物 93oの 2位へアミノ基を導入するためにヒドロキシ基の保護基の探索を行った．ヒドロキシ基の
保護基として TES，TMS，MIP，アセチル基を試みたが全て油状物質であり，TBS保護体 82o のみが結
晶性物質であった．結晶化による精製が可能であることはスケールアップの際のメリットになると考えら
れ，保護基として TBS基を選択した．アルコール 93o を TBSClにて保護した後，再結晶による精製を行
い，TBS保護体 82oを単離収率 93% (純度>99%)で得た (Scheme 19）． 
得られた 82o とベンゾフェノンイミンとをトルエン中 NaOtBu，Pd2(dba)3，rac-BINAP を用いてアミ
ノ化反応を行ったところ，高収率にて目的物を得た (収率 97% (HPLC分析))53．カラムクロマトグラフィ
ーによる精製を行うことなく次の反応に用い，TBAF にて TBS 基を除去すると高収率にて 79o へと変換
された．再結晶による精製を行い，2工程収率 76％ (純度 96%)で 79oを得た． 
 
Scheme 19. Protection of alcohol and Buchwald-Hartwig aminationa 
 
    a Reagents and conditions: (a) TBSCl (2.0 eq.), imidazole (3.0 eq.), THF, rt., 2 h, 93%; (b) benzophenone imine (1.2 
eq.), NaOtBu (1.2 eq.), Pd2(dba)3 (0.03 eq.), rac-BINAP (0.07 eq.), toluene, 60 °C, 4 h; (h) TBAF (1.05 eq.), THF, rt., 2 h, 
































となった (Table 20, entry 4)．この知見を参考に化合物 79oの反応を行うこととした．Table 20に示す反
応での主な副生成物は環化体 98 及びジアルキル体 99（アルキル基導入部位未決定）であった．副生成物
を含む一連の生成物は油状物質であったため，カラムクロマトグラフィー以外での精製は困難であった．
そこで，副生成物の生成を抑え，高い純度のアルキル化体 56ｄを得る検討を行った．塩基として水素化ナ
トリウムを用いると，環化体 98 の生成が確認された (entry 1)．環化体 98は目的物 56dからの過剰反応
であるため，時間経過と共に生成量が増加すると考えられる．すなわち，スケールアップでの再現性が得
られないことが懸念された．添加剤として Zn(OTf)2を加え，生成物 56d とのキレーションにより副反応
を制御しようと試みたが，アルキル化反応自体が進行しなかった (entry 2)．塩基として LiOtBuを用いる
と環化体 98の生成が 0.1%以下まで抑えられた (entry 3)．Entry 3の条件ではジアルキル体 99 が得られ 
 
Table 20. Preparation of 56d 
56d 98 99
1 1.0 NaH (1.0) none 0 ˚C 24 86 14 ND >99
2 1.0 NaH (1.0) Zn(OTf)2 rt 24 0 0 0 No reaction
3 1.0 LiO
t
Bu (1.0) none rt 4 65 <0.1 5.5 76
4 2.0 LiO
t
Bu (1.2) NaI rt 10 97 <0.1 1.6 >99
5 2.0 KO
t
Bu (1.2) NaI rt 4 59 9 29 88
yield (%)
b






* S NOO  


































ルの濃度低下を抑え，56ｄから 99 への生成比を 1.6%まで抑えた (entry 4)．LiOtBu の代わりにKOtBu
を用いると副生成物 98 (9%)及び 99 (29%)が観測され，カウンターカチオンの影響が大きいことも分かっ
た (entry 5)．Entry 4の条件を用いた反応の終了後，抽出時に 0.2 Mの水酸化リチウム水溶液で洗浄する
ことで過剰に用いたアセト酢酸エチルを除去し，97%の純度にて 56dを得た 
 
 メシレート 100oを用いた反応でも同様な副生成物が予想されることから，Table 20･entry 4と同様の
アルキル化条件で反応を行った．さらに，メタンスルホニル化工程でも同様な溶媒，塩基 (LiOtBu)を用
いることで，続くアルキル化反応までワンポットで反応が行えると考えた (Scheme 20)． 
 
Scheme 20. Mesylation and alkylation of ethyl acetoacetate in one-pot reactiona 
 
    a Reagents and conditions: (a) MsCl (1.2 eq.), LiOtBu (1.1 eq.), THF, 0 °C, 1 h; (b) ethyl acetoacetate (2.0 eq.), 
LiOtBu (1.2 eq.), NaI, (1.0 eq.), THF, 0 °C to 50 °C, 3 h, 95% (2 steps). 
 
 化合物 79o を THF溶液中 LiOtBu，メタンスルホニルクロリドを作用させると，速やかに 100oが生成
した．別途調製したアセト酢酸エチル，LiOtBu，ヨウ化ナトリウムの THF 溶液中に 100o の混合物を加
え，50 ℃まで加熱するとエチルエステル 56o が観測された (収率 96% (HPLC分析)）．化合物 98 に対応
する環化体は観測されず，化合物 99に対応するジアルキル体の生成は 2.3%であった．エチルエステル 56d
は油状物質であったため抽出操作のみ行い，カラムクロマトグラフィーによる精製を行うことなく純度








































Table 21. Pechmann reaction 
60o 101o
1 2.0 70% H2SO4 aq. none rt 3 h 87 0
2 2.0 H2SO4 (3.0) none rt 3 h 86 (66)
b 0
3 2.0 H2SO4 (3.0) toluene rt 3 h 59 5
4 2.0 H2SO4 (3.0) AcOH 80 ˚C 20 h 80 12
5 2.0 H2SO4 (3.0) DME 80 ˚C 3 h 0 84
6 2.0 H2SO4 (3.0) EtOH 80 ˚C 3 h 0 70
7 2.0 H2SO4 (3.0) 2,2,2-trifluoroethanol 60 ˚C 2 h 86 5





solvent temp. timeacid (eq.)80a (eq.)
* S NOO  

























が分かった (Table 21, entry 7)．いずれの条件でもベンゾフェノン部位は速やかに脱保護され，化合物
101o が観測された．トルエンを用いると 101o からの Pechmann 反応は進行するものの，分解物が複数
確認され，中程度の収率 (59％)に留まった (entry 3)．また，レゾルシノールは完全に溶解せず，中間体
101o 及び目的物 60o のオイルアウトも確認されたため，不均一反応による再現性の懸念もあった．酢酸
を用いると Pechmann 反応は収率よく進行するものの，20 時間でも 88％の転化率であった (entry 4)．
加えて，高温で揮発性の高い酸溶媒を大スケールで使用する場合，配管を酸耐性に加工する等の設備対応
が要求されるため回避が必要であった．ジメトキシエタンもしくはエタノールを用いると Pechmann反応
は進行しなかった (entry 5, 6)．2,2,2-トリフルオロエタノールを用いて 60 ℃で反応を行うと entry 1, 2





化されたアルキルアルコールの pKaが−2 程度と考えられている 55b–dため，プロトン化されたアルキルア
ルコールの pKaは硫酸と同程度かやや高い．加えて Table 21の Pechmann反応では硫酸の量に対しエタ
ノールは 50 当量以上であることから，エタノールのプロトン化に平衡が傾き酸性度は低下したと考えら














リフルオロエタノール中 2 当量の濃硫酸を用いて 60 ℃にて加熱すると，2 時間後のレゾルシノールの残

























































クマリン 60oのピリミジル化，続くスルファミド化によりCH5126766を合成した (Scheme 22)．Table 
21 で得られたクマリン 60o を炭酸セシウム，2-ブロモピリミジンを用いて 100 ℃で反応を行うと，収率
よくピリミジル体が観測された(収率 96% (HPLC分析))．反応溶液に水を加え，析出した固体をさらに水
で洗浄した．得られた粗精製のピリミジル体を続くスルファミド化反応に用い，ピリジン存在下，別途調
製した N-メチルスルファモイルクロリド 60 のアセトニトリル溶液を作用させると，高収率にて
CH5126766が観測された (収率 98% (HPLC分析))．主な副生成物としてアミン部位がさらにスルファミ
ド化された化合物 102が観測されたが (Chart 10)，生成比は 0.7%であり精製後に含有率 0.1%以下まで低
減することを確認した．スルファミド反応終了後，反応混合物に THF を加え，得られた固体を洗浄し目
的物を得た．クマリン 60o から 2工程 73% (純度>99%)でCH5126766が得られた． 
 
Scheme 22. Synthesis of CH5126766a  
 
a Reagents and conditions: (a) 2-bromopyrimidine (2.0 eq.), Cs2CO3 (1.2 eq.), DMF, 100 °C, 2 h; (b) N-methyl- 
sulfamoyl chloride (2.0 eq.), pyridine (2.1 eq.), DMF, MeCN, 0 °C, 1 h, 73% (2 steps). 
 


















































Scheme 23. Synthesis of CH5126766a 
 
a Reagents and conditions: (a) LiHMDS, THF, DMF, 0 °C, 30 min, then, NaBH4, 0 °C 85%; (b) TBSCl (2.0 eq.), 
imidazole (3.0 eq.), THF, rt., 2 h, 93%; (c) benzophenone imine (1.2 eq.), NaOtBu (1.2 eq.), Pd2(dba)3 (0.03 eq.), 
rac-BINAP (0.07 eq.), toluene, 60 °C, 4 h; (d) TBAF (1.05 eq.), THF, rt., 2 h, 76% (2 steps); (e) MsCl (1.2 eq.), LiOtBu (1.1 
eq.), THF, 0 °C, 1 h; (f) ethyl acetoacetate (2.0 eq.), LiOtBu (1.2 eq.), NaI, (1.0 eq.), THF, 0 °C to 50 °C, 3 h, 95% (2 steps, 
one-pot from 79o); (g) resorcinol (1.2 eq.), MsOH (5.0 eq.), 2,2,2-trifluoroethanol, 60 °C, 85%; (h) 2-bromopyrimidine (2.0 

























































































た．出発原料から 10工程・総収率 35％でCH5126766を合成し，10 gスケールで再現性良く目的物が得
られる合成ルートを確立した． 
本研究により創製された CH5126766 は中外製薬の石井らによる Raf/MEK 阻害様式の解析が行われた
15a．その結果CH5126766はMEKのアロステリック部位に結合し，MEKからERKへのリン酸化を阻害
する既知の MEK 阻害様式に加えて，Raf/MEK の複合体を安定化することにより Raf から MEK へのリ
ン酸化を阻害する新規のRaf阻害様式を有することが明らかとなった．こうした阻害様式により，既存の
MEK 阻害剤で見られる MEK のリン酸化を抑制し，耐性株への強い薬効を示した．また，既存の Raf 阻












































































W1-6 = F or H
X1-8 = N or CH
Y = NH or CH2
CH5126766
Fluorine Scan Nitrogen Scan
Enhancement of inhibitory activity 
with acceptable physicochemical properties  
Enhancement of inhibitory activity
while keeping physicochemical properties
Improvement of physicochemical properties
































補足資料: CH5126766 の Raf/MEK 阻害様式と 
MAPK 経路の再活性化抑制 
 




ことが明らかとなった (Figure 20–23)． 
 
 
Figure 20. Schematic illustration of mechanism of Raf inhibition by CH5126766 
 
 Surface Plasmon Resonance (SPR)測定装置を用いたMEKとCH5126766との結合解析の結果(Figure 
21)，CH5126766はMEK阻害剤 PD0325901 (6)と同様なアロステリック部位 (Figure 5)に結合している
ことが分かった．CH5126766はMEK1と結合し，ATPの有無に関わらずその結合活性が確認された (Kd 
= 16 nM w/ ATP, Kd = 6.1 nM w/o ATP)ことから，ATP結合部位とは異なる部位に結合していることが示
唆された．さらに MEK のアロステリック阻害剤として知られている PD325901 との競合実験を行うと，


































Figure 21. SPR analysis of MEK1 and CH5126766 
 






Figure 22. SPR analysis of Raf and CH5126766 
 
 続いてMEK/Raf/CH5126766の相互作用の解析を行うと，CH5126766存在下ではRafとMEKの解離
速度が低下しRaf/MEKの相互作用を増幅していることが分かった (Figure 23 (b))．阻害剤が存在しない





























































































Figure 23. SPR analysis of MEK1 and C-Raf, with CH5126766 or PD0325901 
 

















































































 CH5126766及びMEK選択的阻害剤 PD0325901 (6)を用いて，癌細胞中のMEKのリン酸化の解析が
行われた (Figure 24, 25)．HCT116細胞 (KRAS G13D，大腸癌)をMEK阻害剤 PD0325901で処理する
と濃度依存的にMEKのリン酸化量が上昇し (Figure 24)，Pratilasらの報告 10aと類似の現象が見られた．  
 
 
Figure 24. Western blotting analysis of cellular pMEK and pERK in HCT116 cells treated with 
CH5126766, and PD0325901 (2, MEK inhibitor) for 2 h. 
 
 











































































































































































































は種々のK-Ras変異株及び B-Raf変異株でも観測された (Figure 25)． 
 
通常の MAPK シグナル経路では，ネガティブフィードバック機構により Raf の活性化が調節されてい
る (第一章･第二節･第二項，Figure 26)．選択的 MEK 阻害剤による MEK の阻害では，フィードバック
によるMAPK経路の再活性化が起こり，MEKのリン酸化量を増加させる．このフィードバックによる再
活性化が臨床での抗腫瘍効果が乏しい要因と考えられてきた．特に既存のMEK阻害剤はRas変異株に対
しての効果が限定的であり 15a,e，MEK のリン酸化を誘起しない CH5126766 はこれらの株に対しても既
存のMEK阻害剤を上回る薬効が期待できる． 
RafによるMEKのリン酸化部位は Ser218と Ser222の二箇所が知られている．PD0325901 (6)をはじ
めとする多くのMEK阻害剤で両アミノ酸残基でのリン酸化量の増加が認められるが， MEK阻害剤とし













Figure 26. Comparison of PD0325901 and CH5126766 
 
加えて CH5126766 による Raf 阻害は，Raf の二量化による MAPK 経路の活性化 (paradoxical 
activation)を伴わないことが示された．Figure 27 に示す K-Ras 変異株である HCT116 を Raf 阻害剤 
(GDC-0879，PLX-4720)で処理するとMEKとERKのリン酸化量が増加し 14d,15a， Raf阻害によるMAPK






Figure 27. Western blotting analysis of cellular pMEK and pERK in HCT116 cells treated with 











































性を獲得し難いことが分かった (Figure 28)．HCT116 (KRAS変異)のXenograftモデルにてMEK阻害








Figure 28. Comparison of the efficacies of CH5126766 and PD0325901 in the HCT116 xenograft tumor 
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Figure 29. In vivo antitumor efficacy to a PD0325901 refractory model in the HCT116 xenograft 
model. 
 
CH5126766 は MEK のリン酸化を誘起しない阻害剤であることが明らかとなり，臨床効果が限定的で
あった既存のMEK 阻害剤に比べ高い薬効が期待できる．特に既存のMEK 阻害剤での抗腫瘍効果が限定
的である Ras 変異のがん細胞に対しての効果が注目されている 15e．加えて CH5126766 による Raf 阻害
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 Unless otherwise noted, all commercially available solvents and reagents were used as 
received. All reactions involving reagents or intermediates sensitive to air or moisture were performed 
under inert atmosphere of nitrogen in glassware. Removal of solvent or concentration under reduced 
pressure indicates rotary evaporation under 5 mmHg at around 40 °C. Column chromatography was 
performed using a Biotage cartridge-based FLASH+ system using KP-Sil silica cartridges, unless 
otherwise noted. Preparative TLC was performed using Merck silica gel 60 F254 PLC plates (1 mm). 
Analytical TLC was performed using Merck silica gel 60 F254 TLC plates (250 m) or Merck silica gel 
60 NH2 F254 TLC plates (250 m). 
 Proton and carbon nuclear magnetic resonance (1H and 13C NMR) spectra were determined 
on a JEOL JNM-EX270 (270 MHz), a Bruker ARX300 (300 MHz), a Varian 400-MR (400 MHz), a 
JEOL JNM-ALPHA500 (500 MHz), or a Bruker AVANCE3 600 (600 MHz) spectrometer. Chemical 
shifts () were expressed in parts per million (ppm) relative to internal chloroform (for 1H and 
for 13C), methanol (for 1H and for 13C) or DMSO (for 1H and for 13C). 
Splitting patterns were designated as follows: s, singlet; br, broad; d, doublet; t, triplet; q, quartet; m, 
multiplet. High-resolution mass spectra (HRMS) were recorded on a QSTAR XL (AB Sciex) equipped 
with gradient high performance liquid chromatography (HPLC) Agilent 1100 (Agilent Technologies), 
or an LTQ Orbitrap XL (Thermo Fisher Scientific) equipped with a Waters ACQUITY UPLC system. 
The purities of all the compounds tested in biological systems were assessed as being ≥95% using 
analytical LC/MS. LC/MS was performed using a Waters Micromass ZQ detector (ESI mode) or a 
Micromass SQ detector (ESI mode) equipped with binary solvent manager, PDA detector, column 
manager and sample manager. Elution was done with a gradient of 5–95% solvent B in solvent A 
(solvent A: 0.05% TFA in water, solvent B: 0.05% TFA in acetonitrile) over 4.5 minutes through 
Waters SunFire C18 5 m (50 mm × 4.6 mm) reversed-phase column at 4 mL min-1, or a gradient of 
10–95% solvent D in solvent C (solvent C: 0.1% formic acid in water, solvent D: 0.1% formic acid in 
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acetonitrile) over 1.4 minutes through Supelco Ascentis C18 2.7 m (50 mm × 2.1 mm) reversed-phase 
column at 1 mL min-1. Purity was determined at 254 nm. Preparative HPLC was performed using a 
Waters 2545 binary gradient module, Waters auto-sampler, Waters 2998 UV detector. Elution was 
done with a gradient of 10–98% solvent B in solvent A over 16 minutes through Tosoh ODS-80Ts 5 m 
(25 cm × 20 mm) reversed-phase column at 15 mL min-1. Melting point was determined on an SII 
EXSTAR 6000 DSC6220 at a heating rate 10 °C/min. 
 







2-(2-Nitrobenzyl)-3-oxo-butylic acid ethyl ester56 (2.8 g, 19.6 mmol) and 4-chlororesorcinol (5.20 g, 19.6 
mmol) were dissolved in 70% sulfuric acid aqueous solution (20 mL). After stirring at room 
temperature for 12 h, the mixture was poured into water. The solid was collected by filtration, washed 
with water, and recrystallized from acetone to give 103 (3.90 g, 11.3 mmol, 60%) as a white solid. 
1H NMR (DMSO-d6, 270 MHz)  7.96 (d, J = 8.1 Hz, 1H), 7.83 (s, 1H), 7.56 (dd, J = 8.1, 8.1 Hz, 1H), 
7.49 (dd, J = 8.1, 8.1 Hz, 1H), 7.20 (d, J = 8.1 Hz, 1H), 6.90 (s, 1H), 4.15 (s, 2H), 2.36 (3H, s); 13C NMR 
(DMSO-d6, 100 MHz)  160.6, 155.8, 151.9, 149.4, 149.3, 133.4, 133.1, 129.5, 127.6, 126.4, 124.5, 119.1, 
















To a solution of 103 (6.00 g, 17.4 mmol) in anhydrous DMF (150 mL) was added NaH (60% in oil, 835 
mg, 20.9 mmol) at 0 °C. After stirring for 30 min, N,N-dimethylcarbamoyl chloride (2.39 mL, 26.0 
mmol) was added to the mixture. The mixture was stirred at room temperature for 5 h, then poured 
into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract was washed with 
brine. The organic layer was dried over MgSO4 and evaporated. The residue was purified by silica gel 
chromatography (MeOH/CH2Cl2) to give 104 (7.21 g, 17.2 mmol, 96%) as a solid. 
1H NMR (CDCl3, 270 MHz)  7.98 (d, J = 8.1 Hz, 1H), 7.70 (s, 1H), 7.48 (dd, J = 8.1, 8.1 Hz, 1H), 7.38 
(dd, J = 8.1, 8.1 Hz, 1H), 7.28 (s, 1H), 7.11 (d, J = 8.1 Hz, 1H), 4.40 (s, 2H), 3.18 (s, 3H), 3.05 (s, 3H), 
2.36 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.1, 152.4, 150.9, 149.2, 148.9, 148.8, 133.5, 132.7, 
129.6, 127.7, 126.3, 124.5, 122.5, 122.4, 118.9, 112.5, 36.5, 36.3, 29.1, 15.4; ESIMS m/z 417 [M + H]+; 
HRMS (ESI)m/z 417.0848 [(M + H)+; calcd for C20H18ClN2O6: 417.0848]. 
 








To a solution of 104 (8.00 g, 19.2 mmol) in anhydrous DMF (200 mL) was added SnCl2·2H2O (21.7 g, 
95.9 mmol) at room temperature. After stirring for 3 h, saturated NaHCO3 aqueous solution was 
added to the mixture. The aqueous mixture was filtered through Celite, and then extracted with 
EtOAc. The extract was washed with brine, dried over MgSO4, and evaporated. The residue was 
purified by flash chromatography on silica gel (KP-NH silica cartridge) eluting with CHCl3 to give 17 
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(2.43 g, 6.28 mmol, 33%) as a light yellow solid.  
1H NMR (DMSO-d6, 400 MHz)  7.99 (s, 1H), 7.51 (s, 1H), 6.90 (ddd, J = 7.5, 7.5, 1.3 Hz, 1H), 6.67 (dd, 
J = 7.5, 1.3 Hz, 1H), 6.59 (dd, J = 7.5, 1.3 Hz, 1H), 6.42 (ddd, J = 7.5, 7.5, 1.3 Hz, 1H), 5.04 (br s, 2H), 
3.71 (s, 2H), 3.11 (s, 3H), 2.96 (s, 3H), 2.34 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.6, 152.5, 150.8, 
148.7, 148.1, 146.3, 126.7, 126.6, 126.0, 123.8, 122.3, 121.4, 119.0, 116.2, 114.6, 112.5, 36.5, 36.3, 27.8, 
15.3; ESIMS m/z 387 [M + H]+; HRMS (ESI)m/z 387.1098 [(M + H)+; calcd for C20H20ClN2O4: 
387.1106].  
 




Compound 28 was prepared by the procedures previously described for compound 103 using 
2-(3-nitrobenzyl)-3-oxo-butyric acid ethyl ester57 (3.20 g, 9.26 mmol, 45%).  
1H NMR (DMSO-d6, 270 MHz)  8.06 (s, 1H), 8.05 (d, J = 7.7 Hz, 1H), 7.81 (s, 1H), 7.70 (d, J = 7.7 Hz, 
1H), 7.55 (t, J = 7.7 Hz, 1H), 6.90 (s, 1H), 4.09 (s, 2H), 2.48 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  
160.9, 155.8, 151.8, 148.7, 147.9, 141.6, 134.9, 129.9, 126.5, 122.7, 121.3, 120.2, 117.0, 113.2, 103.1, 
31.8, 15.3; ESIMS m/z 346 [M + H]+; HRMS (ESI)m/z 346.0477 [(M + H)+; calcd for C17H13ClNO5: 
346.0477]. 
 








Compound 105 was prepared by the procedures previously described for compound 104 using 
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compound 28 (35.6 g, 85.4 mmol, 98%).  
1H NMR (DMSO-d6, 270 MHz)  8.12 (s, 1H), 8.08 (d, J = 8.2 Hz, 1H), 8.02 (s, 1H), 7.72 (d, J = 8.2 Hz, 
1H), 7.58 (t, J = 8.2 Hz, 1H), 7.50 (s, 1H), 4.14 (s, 2H), 3.11 (s, 3H), 2.95 (s, 3H), 2.51 (s, 3H); 13C NMR 
(DMSO-d6, 100 MHz)  160.5, 152.4, 150.8, 148.9, 148.1, 147.9, 141.2, 134.9, 129.9, 126.3, 123.6, 122.9, 
122.4, 121.4, 118.9, 112.5, 36.5, 36.3, 32.0, 15.5; ESIMS m/z 417 [M + H]+; HRMS (ESI)m/z 417.0849 
[(M + H)+; calcd for C20H18ClN2O6: 417.0848]. 
 







To a solution of 105 (10.0 g, 24.0 mmol) in anhydrous EtOAc (500 mL) was added SnCl2·2H2O (24.4 g, 
108 mmol) at room temperature. The mixture was heated to 80 °C for 7 h. The mixture was cooled to 
room temperature, poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The 
extract was washed with water and then brine. The organic layer was dried over MgSO4 and 
evaporated. The residue was washed with MeOH to give 8 (8.20 g, 21.2 mmol, 88%) as a white solid. 
1H NMR (CDCl3, 270 MHz)  7.64 (s, 1H), 7.25 (s, 1H), 7.05 (dd, J = 7.7 Hz, 1H), 6.65–6.45 (m, 3H), 
3.96 (s, 2H), 3.15 (s, 3H), 3.04 (s, 3H), 2.40 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.4, 152.5, 150.6, 
148.8, 148.7, 147.0, 139.1, 128.9, 126.0, 124.8, 122.4, 119.0, 115.7, 113.2, 112.5, 111.8, 36.5, 36.3, 32.4, 




















To neat chlorosulfonyl isocyanate (4.57 g, 32.3 mmol) was slowly added formic acid (1.49 g, 32.3 mmol) 
at 0 °C. After stirring at room temperature for 1 h, anhydrous CH2Cl2 (25 mL) was added to the 
mixture. The resulting mixture was added to a solution of 8 (2.50 g, 6.46 mmol) and pyridine (5.22 mL, 
64.6 mmol) in anhydrous CH2Cl2 (25 mL) at 0 °C. After stirring at room temperature for 18 h, the 
mixture was poured into water, and extracted with CH2Cl2. The organic layer was dried over MgSO4 
and evaporated. The residue was purified by silica gel chromatography (MeOH/CH2Cl2) to give 31 (723 
mg, 1.55 mmol, 24%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  9.36 (s, 1H), 8.02 (s, 1H), 7.50 (s, 1H), 7.16 (dd, J = 7.9, 7.9 Hz, 1H), 
7.04 (d, J = 7.9 Hz, 1H),7.03 (br s, 2H), 6.96 (br s, 1H), 6.84 (d, J = 7.9 Hz, 1H), 3.94 (s, 2H), 3.10 (s, 3H), 
2.95 (s, 3H), 2.46 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.3, 152.4, 150.7, 148.8, 147.4, 139.7, 
139.3, 128.9, 126.1, 124.4, 122.4, 121.7, 119.0, 117.6, 115.7, 112.5, 36.5, 36.3, 32.3, 15.5; ESIMS m/z 











To a solution of chlorosulfonyl isocyanate (50.0 g, 353 mmol) in anhydrous CH2Cl2 (460 mL) was slowly 
added 2-bromoethanol (25.0 mL, 353 mmol) in anhydrous CH2Cl2 (150 mL) at 0 °C. After stirring for 2 
h, the resulting mixture was added to a solution of 2.0 M methyl amine in THF (194 mL, 389 mmol), 
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Et3N (78.5 mL, 565 mmol) and anhydrous CH2Cl2 (200 mL) via cannula at 0 °C over 1 h. The mixture 
was warmed to room temperature and stirred for 12 h. To the mixture was added 1.0 M HCl aqueous 
solution, and then the aqueous mixture was extracted with CH2Cl2. The extract was washed with 
water. The organic layer was dried over MgSO4 and evaporated. The residue was recrystallized from 
EtOH to give 30r (37.6 g, 209 mmol, 59%) as a white solid.  
1H NMR (DMSO-d6, 270 MHz)  8.20 (q, J = 5.4 Hz, 1H), 4.39 (t, J = 7.9 Hz, 2H), 3.94 (t, J = 7.9 Hz, 
2H), 2.61 (d, J = 5.4 Hz, 3H); 13C NMR (DMSO-d6, 100 MHz)  152.8, 62.5, 45.5, 28.9; ESIMS m/z 181 
[M + H]+; HRMS (ESI)m/z 181.0276 [(M + H)+; calcd for C4H9N2O4S: 181.0277]. 
 
Dimethylcarbamic acid 6-chloro-4-methyl-3-[3-(N-methylsulfamoylamino)benzyl]-2-oxo-2H-chromen- 










To a solution of 8 (7.00 g, 18.1 mmol) in anhydrous MeCN (210 mL) were added 30r (6.52 g, 36.2 mmol) 
and Et3N (7.54 mL, 54.3 mmol) at room temperature. The reaction mixture was heated to 80 °C for 12 
h. The mixture was cooled to room temperature and diluted with EtOAc. The mixture was washed 
with 1.0 M HCl aqueous solution, saturated NaHCO3 aqueous solution and brine. The organic layer 
was dried over MgSO4 and evaporated. The residue was recrystallized from EtOH to give 32 (7.02 g, 
14.6 mmol, 81%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  9.52 (s, 1H), 8.00 (s, 1H), 7.48 (s, 1H), 7.22 (q, J = 4.8 Hz, 1H), 7.16 (dd, 
J = 7.9, 7.9 Hz, 1H), 7.01 (d, J = 7.9 Hz, 1H), 6.98 (br s, 1H), 6.84 (d, J = 7.9 Hz, 1H), 3.92 (s, 2H), 3.09 
(s, 3H), 2.93 (s, 3H), 2.45 (s, 3H), 2.41 (d, J = 4.8 Hz, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.3, 152.4, 
150.7, 148.8, 147.4, 139.5, 139.1, 129.0, 126.1, 124.3, 122.4, 122.2, 119.0, 118.0, 116.0, 112.5, 36.5, 36.3, 

















Compound 32 (700.5 mg, 1.46 mmol) was dissolved in MeOH (50 mL) and CH2Cl2 (50 mL). To the 
mixture was added 0.1 M NaOH methanol solution (14.6 mL, 1.46 mmol) at room temperature. The 
mixture was concentrated in vacuo. The solid was washed with THF to give the title compound (734.4 
mg, 1.46 mmol, 100%) as a yellow solid.  
1H NMR (DMSO-d6, 400 MHz)  7.97 (s, 1H), 7.46 (s, 1H), 6.82 (dd, J = 8.1, 8.1 Hz, 1H), 6.73 (d, J = 8.1 
Hz, 1H), 6.66 (br s, 1H), 6.29 (d, J = 8.1 Hz, 1H), 4.78 (br, 1H), 3.80 (s, 2H), 3.11 (s, 3H), 2.95 (s, 3H), 
2.43 (s, 3H), 2.28 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.5, 152.5, 150.6, 150.4, 148.6, 146.7, 
137.7, 127.8, 126.0, 125.3, 122.3, 120.5, 119.1, 118.0, 115.6, 112.4, 36.5, 36.3, 32.6, 29.5, 15.4; ESIMS 
m/z 480 [M + 2H − Na]+   
 
Dimethylcarbamic acid 6-chloro-3-[3-(N,N-dimethylsulfamoylamino)benzy]-4-methyl-2-oxo-2H- 









To a solution of 8 (50.0 mg, 0.129 mmol) in anhydrous CH2Cl2 (1.0 mL) were added pyridine (42.0 L, 
0.516 mmol) and N,N-dimethylsulfamoyl chloride (41.0 L, 0.387 mmol) at room temperature. The 
mixture was stirred for 24 h and then concentrated. The residue was purified by flash 
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chromatography on silica gel (KP-NH silica cartridge) eluting with CH2Cl2 to give 33 (50.0 mg, 0.101 
mmol, 79%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  9.77 (s, 1H), 8.03 (s, 1H), 7.50 (s, 1H), 7.19 (dd, J = 8.1, 8.1 Hz, 1H), 
7.03 (br s, 1H), 7.01 (d, J = 8.1 Hz, 1H), 6.93 (d, J = 8.1 Hz, 1H), 3.94 (s, 2H), 3.10 (s, 3H), 2.95 (s, 3H), 
2.63 (s, 6H), 2.47 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.3, 152.4, 150.7, 148.8, 147.4, 139.6, 
138.8, 129.1, 126.1, 124.3, 123.0, 122.4, 128.9, 118.5, 116.9, 112.5, 37.6 (×2), 36.5, 36.3, 32.3, 15.4; 
ESIMS m/z 494 [M + H]+; HRMS (ESI)m/z 494.1147 [(M + H)+; calcd for C22H25ClN3O6S: 494.1147].   
 









To a solution of 8 (1.20 g, 2.88 mmol) in anhydrous CH2Cl2 (30 mL) were added acetyl chloride (0.450 
mL, 6.33 mmol) and Et3N (1.33 mL, 9.50 mmol) at room temperature. The reaction mixture was 
stirred for 1 h. The mixture was poured into saturated NaHCO3 aqueous solution, and extracted with 
EtOAc. The extract was washed with brine. The organic layer was dried over MgSO4 and evaporated. 
The residue was recrystallized from EtOH to give 34 (533 mg, 1.24 mmol, 43%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  9.83 (s, 1H), 8.03 (s, 1H), 7.52 (d, J = 8.1 Hz, 1H), 7.50 (s, 1H), 7.27 (br 
s, 1H), 7.19 (dd, J = 8.1, 8.1 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 3.95 (s, 2H), 3.11 (s, 3H), 2.95 (s, 3H), 2.47 
(s, 3H), 1.98 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  168.2, 160.3, 152.4, 150.7, 148.8, 147.3, 139.5, 
139.1, 128.8, 126.1, 124.4, 122.9, 122.4, 119.0, 118.1, 116.8, 112.5, 36.5, 36.3, 32.3, 24.0, 15.5; ESIMS 






Dimethylcarbamic acid 6-chloro-3-[3-(3,3-dimethylureido)benzyl]-4-methyl-2-oxo-2H-chromen-7- 










To a solution of 8 (100 mg, 0.259 mmol) in anhydrous CH2Cl2 (3 mL) were added Et3N (0.262 mL, 2.59 
mmol) and N,N-dimethylcarbamoyl chloride (0.139 mL, 1.29 mmol). The reaction mixture was 
warmed to 40 °C for 48 h. The mixture was poured into saturated NaHCO3 aqueous solution, and 
extracted with EtOAc. The extract was washed with brine. The organic layer was dried over MgSO4 
and evaporated in vacuo. The residue was purified by silica gel chromatography (MeOH/CH2Cl2) to 
give 35 (77.5 mg, 0.169 mmol, 65%) as a white solid. 
1H NMR (DMSO-d6, 400 MHz)  8.18 (br s, 1H), 8.02 (s, 1H), 7.49 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.22 
(s, 1H), 7.12 (dd, J = 8.4, 8.4 Hz, 1H), 6.81 (d, J = 8.4 Hz, 1H), 3.93 (s, 2H), 3.10 (s, 3H), 2.95 (s, 3H), 
2.89 (s, 3H×2), 2.46 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.4, 155.7, 152.4, 150.7, 148.8, 147.2, 
140.9, 138.7, 128.3, 126.1, 124.6, 122.4, 121.5, 119.0, 118.9, 117.7, 112.5, 36.5, 36.3, 36.2 (×2), 32.4, 
15.4; ESIMS m/z 458 [M + H]+; HRMS (ESI)m/z 458.1476 [(M + H)+; calcd for C23H25ClN3O5: 
458.1477].   
 
Dimethylcarbamic acid 6-chloro-4-methyl-3-[3-(methylsulfonamido)benzyl]-2-oxo-2H-chromen-7- 








Compound 36 was prepared by the procedures previously described for compound 34 using 
methanesulfonyl chloride (61.5 mg, 0.132 mmol, 85%).  
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1H NMR (DMSO-d6, 400 MHz)  9.64 (s, 1H), 8.02 (s, 1H), 7.50 (s, 1H), 7.23 (dd, J = 8.2, 8.2 Hz, 1H), 
7.06 (d, J = 8.2 Hz, 1H), 7.05 (br s, 1H), 6.97 (d, J = 8.2 Hz, 1H), 3.96 (s, 2H), 3.10 (s, 3H), 2.95 (s, 3H×2), 
2.48 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.3, 152.4, 150.7, 148.8, 147.4, 139.9, 138.6, 129.4, 
126.2, 124.2, 123.5, 122.4, 119.1, 119.0, 117.2, 112.5, 39.2, 36.5, 36.3, 32.3, 15.5; ESIMS m/z 465 [M + 
H]+; HRMS (ESI)m/z 465.0883 [(M + H)+; calcd for C21H22ClN2O6S: 465.0882]. 
 









Compound 37 was prepared by the procedures previously described for compound 34 using 
ethanesulfonyl chloride (45.0 mg, 0.094 mmol, 61%).  
1H NMR (CDCl3, 270 MHz)  7.64 (s, 1H), 7.22 (s, 1H), 7.20 (dd, J = 7.7, 7.7 Hz, 1H), 7.11 (br s, 1H), 
7.06 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 7.7 Hz, 1H), 4.01 (s, 2H), 3.17 (s, 3H), 3.09 (q, J = 7.4 Hz, 2H), 3.05 
(s, 3H), 2.43 (s, 3H). 1.33 (t, J = 7.4 Hz, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.3, 152.4, 150.7, 148.8, 
147.4, 139.9, 138.7, 129.4, 126.2, 124.3, 123.2, 122.4, 119.0, 118.9, 117.0, 112.5, 45.0, 36.5, 36.3, 32.3, 













To a solution of chlorosulfonyl isocyanate (1.5 g, 10.6 mmol) in anhydrous CH2Cl2 (14 mL) was slowly 
added 2-bromoethanol (0.751 mL, 10.6 mmol) in anhydrous CH2Cl2 (5 mL) at 0 °C. After stirring for 2 
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h, the resulting mixture was added to a solution of methoxyamine hydrochloride (974 mg, 11.7 mmol) 
and Et3N (4.70 mL, 33.9 mmol) in anhydrous CH2Cl2 (8 mL) via cannula at 0 °C over 5 min. The 
mixture was warmed to room temperature and stirred for 12 h. To the mixture was added 1.0 M HCl 
aqueous solution, and then the aqueous mixture was extracted with CH2Cl2. The extract was washed 
with water. The organic layer was dried over MgSO4 and evaporated. The residue was recrystallized 
from EtOH to give 30s (530 mg, 2.67 mmol, 27%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  10.09 (br, 1H), 4.39 (t, J = 7.9 Hz, 2H), 3.94 (t, J = 7.9 Hz, 2H), 3.65 (s, 
3H). 
 
Dimethylcarbamic acid 6-chloro-3-[3-(N-methoxysulfamoylamino)benzyl]-4-methyl-2-oxo-2H- 











Compound 38 was prepared by the procedures previously described for compound 32 using compound 
30s (64.8 mg, 0.130 mmol, 84%). 














Compound 30t was prepared by the procedures previously described for compound 30r using 
2,2,2-trifluoroethylamine (1.97 g, 8.16 mmol, 80%).  
1H NMR (DMSO-d6, 400 MHz)  9.39 (t, J = 6.4 Hz, 1H), 4.40 (t, J = 7.9 Hz, 2H), 3.98 (t, J = 7.9 Hz, 2H), 
3.92 (qd, JH-F = 9.7 Hz, J = 6.4 Hz, 2H); 13C NMR (DMSO-d6, 100 MHz)  152.6, 124.1 (q, JC-F = 278.9 
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Hz), 62.8, 45.4, 44.0 (q, JC-F = 34.5 Hz); HRMS (ESI)m/z 270.9977 [(M + Na)+; calcd for 
C5H7N2O4F3SNa: 270.9970]. 
 
Dimethylcarbamic acid 6-chloro-4-methyl-2-oxo-3-{3-[N-(2,2,2-trifluoroethyl)sulfamoyl-amino]benzyl}- 













Compound 39 was prepared by the procedures previously described for compound 32 using compound 
30t (73.8 mg, 0.135 mmol, 87%). 












Compound 30u was prepared by the procedures previously described for compound 30r using 
3-aminopropionitrile (8.80 g, 40.1 mmol, 71%).  
1H NMR (CDCl3, 270 MHz)  4.45 (t, J = 7.6 Hz, 2H), 4.06 (t, J = 7.6 Hz, 2H), 3.51 (m, 2H), 2.71 (t, J = 
6.7 Hz, 2H); 13C NMR (DMSO-d6, 100 MHz)  152.7, 118.8, 62.6, 45.4, 39.0, 18.2; HRMS (ESI)m/z 








Dimethylcarbamic acid 6-chloro-3-{3-[N-(2-cyanoethyl)sulfamoylamino]benzyl}-4-methyl-2-oxo-2H-  










Compound 40 was prepared by the procedures previously described for compound 32 using compound 
30u (1.32 g, 2.55 mmol, 76%). 
1H NMR (CDCl3, 270 MHz)  7.66 (s, 1H), 7.25–7.15 (m, 1H), 7.20 (s, 1H), 7.15–6.92 (m, 3H), 3.99 (s, 
2H), 3.30–3.15 (m, 2H), 3.17 (s, 3H), 3.04 (s, 3H), 2.55-2.44 (m, 2H), 2.44 (s, 3H); 13C NMR (DMSO-d6, 
100 MHz)  160.3, 152.4, 150.7, 148.8, 147.4, 139.6, 138.7, 129.1, 126.1, 124.3, 122.6, 122.4, 119.0, 
118.8, 118.4, 116.4, 112.5, 38.3, 36.5, 36.3, 32.3, 18.0, 15.5; ESIMS m/z 519 [M + H]+;HRMS (ESI)m/z 












Compound 30v was prepared by the procedures previously described for compound 30r using 
ethanolamine (7.98 g, 38.0 mmol, 67%). 
1H NMR (DMSO-d6, 270 MHz)  8.30 (br, 1H), 4.79 (t, J = 5.4 Hz, 1H), 4.40–4.32 (m, 2H), 3.98–3.90 (m, 








Dimethylcarbamic acid 6-chloro-3-{3-[N-(2-hydroxyethyl)sulfamoylamino]benzyl}-4-methyl-2-oxo-2H- 











Compound 41 was prepared by the procedures previously described for compound 32 using compound 
30r (990 mg, 1.94 mmol, 50%). 
HRMS (ESI)m/z 510.1100 [(M + H)+; calcd for C22H25ClN3O7S: 510.1096].   
 
Dimethylcarbamic acid 6-chloro-3-{3-[N-(2-methoxyethyl)sulfamoylamino]benzyl}-4-methyl-2-oxo-2H- 











To a solution of sulfuryl chloride (74.6 L, 0.928 mmol) in anhydrous CH2Cl2 (4 mL) were added 
2-methoxyethylamine (75.4 L, 0.867 mmol) and DMAP (105 mg, 0.867 mmol) in anhydrous CH2Cl2 (1 
mL) at −78 °C. The reaction mixture was warmed to room temperature and stirred for 2 h. The 
resulting mixture was added to a solution of 8 (100 mg, 0.258 mmol) and pyridine (0.500 mL, 6.20 
mmol) in anhydrous CH2Cl2 (2 mL) at 0 °C. After stirring at room temperature for 5 h, the reaction 
mixture was poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract 
was washed with brine. The organic layer was dried over MgSO4 and evaporated. The residue was 
purified by silica gel chromatography (MeOH/CH2Cl2) to give 42 (59.9 mg, 0.112 mmol, 44%) as a 
colorless oil. 




Dimethylcarbamic acid 3-{N-[2-(tert-butoxycarbonylamino)ethyl]sulfamoylamino}-benzyl)-6-chloro-  














To a solution of sulfuryl chloride (0.706 mL, 8.78 mmol) in anhydrous CH2Cl2 (60 mL) were added 
N-(tert-butoxylcarbonyl)-ethylenediamine58 (1.22 g, 7.75 mmol) and DMAP (947 mg, 7.75 mmol) in 
anhydrous CH2Cl2 (20 mL) at −78 °C. The reaction mixture was warmed to room temperature and 
stirred for 2 h. The resulting mixture was added to a solution of 8 (2.00 g, 5.17 mmol) and pyridine 
(1.25 mL, 15.5 mmol) at 0 °C. After stirring at room temperature for 12 h, the reaction mixture was 
poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract was washed 
with brine. The organic layer was dried over MgSO4 and evaporated. The residue was purified by 
silica gel chromatography (EtOAc/CH2Cl2) to give 106 (1.07 g, 1.76 mmol, 34%) as a white solid. 
1H NMR (CDCl3, 270 MHz)  7.65 (s, 1H), 7.22 (s, 1H), 7.18 (dd, J = 8.1, 8.1 Hz, 1H), 7.06 (br s, 1H), 
7.02 (d, J = 8.1 Hz, 1H), 6.95 (d, J = 8.1 Hz, 1H), 5.30 (br, 1H), 4.00 (s, 2H), 3.22 (s, 3H), 3.22–3.05 (m, 
4H), 3.05 (s, 3H), 2.44 (s, 3H) 1.43 (s, 9H); ESIMS m/z 509  [M + 2H − Boc]+ . 
 
2-[N-(3-{[6-Chloro-7-(dimethylcarbamoyloxy)-4-methyl-2-oxo-2H-chromen-3-yl]methyl}-phenyl)sulfam














To a solution of 106 in THF (20 mL) was added 50% HCl aqueous solution (5 mL) at room temperature. 
The mixture was warmed to 40 °C for 2 h. The mixture was cooled to room temperature and then 
concentrated in vacuo to give a solid. The solid was washed with CH2Cl2 to give 43 (931 mg, 1.71 mmol, 
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97%) as a white solid. 
1H NMR (CD3OD, 270 MHz)  7.93 (s, 1H), 7.32 (s, 1H), 7.22 (dd, J = 8.1 Hz, 1H), 7.12 (br s, 1H), 7.08 
(d, J = 8.1 Hz, 1H), 6.97 (d, J = 8.1 Hz, 1H), 4.05 (s, 2H), 3.17 (s, 3H), 3.25–3.14 (m, 2H), 3.05 (s, 3H), 
3.05–2.95 (m, 2H), 2.51 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.4, 152.5, 150.7, 148.8, 147.5, 
139.6, 138.7, 129.1, 126.2, 124.3, 122.4, 122.4, 119.0, 118.2, 116.1, 112.6, 39.7, 38.3, 36.5, 36.3, 32.3, 
15.5; ESIMS m/z 509 [M − Cl]+; HRMS (ESI)m/z 509.1247 [(M − Cl)+; calcd for C22H26ClN4O6S: 
509.1256]. 
 
Dimethylcarbamic acid 6-chloro-4-methyl-3-[3-(4-methylpiperazine-1-sulfonamido)-benzyl]-2-oxo-2H- 










Compound 44 was prepared by the procedures previously described for compound 106 using 
1-methylpiperazine (5.2 mg, 9.5 mol, 4%). 









To a solution of ethyl acetoacetate (545 L, 4.27 mmol) in anhydrous THF (10 mL) was added NaH 
(60% in oil, 171 mg, 4.27 mmol) at 0 °C. After stirring for 30 min, 1-bromomethyl-2-fluoro- 
3-nitrobenzene (1.00 g, 4.27 mmol) in anhydrous THF (4 mL) was added to the mixture at 0 °C and 
then stirred at room temperature for 6 h. The mixture was poured into 1.0 M HCl aqueous solution, 
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and extracted with EtOAc. The extract was washed with saturated NaHCO3 aqueous solution and 
brine. The organic layer was dried over MgSO4 and evaporated to give a crude ester (514 mg). The 
crude ester and 4-fluororesorcinol (210 mg, 1.65 mmol) were dissolved in conc. sulfuric acid (160 L, 
3.00 mmol) at 0 °C. The mixture was stirred at room temperature for 2 h. After cooling to 0 °C, water 
was slowly added to the mixture. The solid was collected by filtration, and washed with water and 
MeOH to give 107 (398 mg, 1.15 mmol, 27%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  11.07 (s, 1H), 7.98 (ddd, J = 7.8, 1.4 Hz, JH-F = 7.8 Hz,1H), 7.69 (d, JH-F 
= 11.9 Hz, 1H), 7.56 (ddd, J = 7.8, 1.4 Hz, JH-F = 7.8 Hz,1H), 7.32 (dd, J = 7.8, 7.8 Hz, 1H), 6.90 (d, JH-F 
= 7.5 Hz, 1H), 4.03 (s, 2H), 2.42 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.7, 152.8 (d, JC-F = 261.4 
Hz), 149.6, 149.1, 148.5 (d, JC-F = 14.2 Hz), 148.2 (d, JC-F = 239.0 Hz), 137.3 (d, JC-F = 7.8 Hz), 135.9 (d, 
JC-F = 4.9 Hz), 129.1 (d, JC-F = 14.6 Hz), 124.6 (d, JC-F = 4.4 Hz), 124.1, 118.8, 112.1 (d, JC-F = 21.3 Hz), 
111.9 (d, JC-F = 7.1 Hz), 104.3, 25.9, 15.3. 
 









Compound 108 was prepared by the procedures previously described for compound 104 using 
compound 107 (18.0 g, 43.0 mmol, 93%).  
1H NMR (DMSO-d6, 400 MHz)  7.99 (ddd, J = 7.8, 1.4 Hz, JH-F = 7.8 Hz,1H), 7.89 (d, JH-F = 11.4 Hz, 
1H), 7.61 (ddd, J = 7.8, 1.4 Hz, JH-F = 7.8 Hz, 1H), 7.49 (d, JH-F = 7.0 Hz, 1H), 7.32 (dd, J = 7.8, 7.8 Hz, 
1H), 4.07 (s, 2H), 3.09 (s, 3H), 2.94 (s, 3H), 2.42 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.2, 152.8 
(d, JC-F = 261.0 Hz), 152.5, 150.8 (d, JC-F = 243.1 Hz), 148.9, 148.1, 140.8 (d, JC-F = 14.6 Hz), 137.3 (d, 
JC-F = 8.2Hz), 136.0 (d, JC-F = 4.5 Hz), 128.7 (d, JC-F = 14.2 Hz), 124.6 (d, JC-F = 4.1 Hz), 124.2, 122.0, 
118.3 (d, JC-F = 7.9 Hz), 112.5 (d, JC-F = 22.4 Hz), 112.4, 36.6, 36.3, 26.1, 15.5; ESIMS m/z 419 [M + H]+; 
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HRMS (ESI)m/z 419.1050 [(M + H)+; calcd for C20H17N2O6F2: 419.1049]. 
 









Compound 109 was prepared by the procedures previously described for compound 28 using 
compound 108 (12.0 g, 30.9 mmol, 86%).  
1H NMR (DMSO-d6, 400 MHz)  7.85 (d, JH-F = 11.0 Hz, 1H), 7.47 (d, JH-F = 7.0 Hz, 1H), 6.71 (dd, J = 
7.6, 7.6 Hz, 1H), 6.60 (ddd, J = 7.6, 1.8 Hz, JH-F = 7.6 Hz,1H), 6.23 (ddd, J = 7.6, 1.8 Hz, JH-F = 7.6 
Hz,1H), 5.08 (br s, 2H), 3.91 (s, 2H), 3.08 (s, 3H), 2.94 (s, 3H), 2.41 (s, 3H); 13C NMR (DMSO-d6, 100 
MHz)  160.3, 152.5, 150.7 (d, JC-F = 243.1 Hz), 148.9 (d, JC-F = 239.0 Hz), 147.9, 147.8, 140.6 (d, JC-F = 
15.0 Hz), 136.4 (d, JC-F = 13.5 Hz), 124.8 (d, JC-F = 13.1 Hz), 123.9, 123.5, 118.3 (d, JC-F = 7.5 Hz), 115.6, 
114.4 (d, JC-F = 4.8 Hz), 112.4, 112.3 (d, JC-F = 21.7 Hz), 36.6, 36.3, 25.7, 15.4; ESIMS m/z 389 [M + H]+; 
HRMS (ESI)m/z 389.1308 [(M + H)+; calcd for C20H19N2O4F2: 389.1307]. 
 
Dimethylcarbamic acid 6-fluoro-3-[2-fluoro-3-(sulfamoylamino)benzyl]-4-methyl-2-oxo-2H-chromen- 











Compound 52 was prepared by the procedures previously described for compound 31 using compound 
109 (7.45 g, 15.9 mmol, 62%).  
1H NMR (DMSO-d6, 400 MHz)  9.13 (s, 1H), 7.86 (d, JH-F = 11.0 Hz, 1H), 7.48 (d, JH-F = 6.6 Hz, 1H), 
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7.34 (ddd, J = 7.9, 1.3 Hz, JH-F = 7.9 Hz, 1H), 7.11 (br s, 2H), 7.01 (dd, J = 7.9, 7.9 Hz, 1H), 6.85 (ddd, J 
= 7.9, 1.3 Hz, JH-F = 7.9 Hz, 1H), 3.97 (s, 2H), 3.09 (s, 3H), 2.94 (s, 3H), 2.42 (s, 3H); 13C NMR 
(DMSO-d6, 100 MHz)  160.3, 152.5, 152.3 (d, JC-F = 245.3 Hz), 158.8 (d, JC-F = 243.3 Hz), 148.3, 148.0, 
140.7 (d, JC-F = 14.2 Hz), 126.6 (d, JC-F = 13.1 Hz), 125.6 (d, JC-F = 13.4 Hz), 124.2 (d, JC-F = 3.8 Hz), 









Resorcinol (15.3 g, 139 mmol) and 2-(3-nitrobenzyl)-3-oxo-butyric acid ethyl ester1 (36.9 g, 139 mmol) 
were dissolved in 70% sulfuric acid aqueous solution (160 mL). After stirring at room temperature for 
18 h, the mixture was poured into water. The solid was collected by filtration, washed with water, and 
recrystallized from EtOH to give 60a (26.2 g, 84.2 mmol, 60%) as a yellow solid. 
1H NMR (DMSO-d6, 270 MHz)  8.08–8.05 (m, 2H), 7.72-7.66 (m, 2H), 7.58 (dd, J = 7.8, 7.8 Hz, 1H), 
6.82 (dd, J = 8.6, 1.9 Hz, 1H), 6.72 (d, J = 1.9 Hz, 1H), 4.08 (s, 2H), 2.44 (s, 3H); 13C NMR (DMSO-d6, 
100 MHz) 161.3, 160.7, 153.6, 149.4, 147.8, 141.9, 134.9, 129.9, 127.0, 122.7, 121.2, 119.1, 113.0, 
















To a solution of 60a (300 mg, 0.964 mmol) in anhydrous DMF (4.5 mL) was added NaH (60% in oil, 50 
mg, 1.25 mmol) at 0 °C. After stirring for 15 min, N,N-dimethylcarbamoyl chloride (115 L, 1.25 
mmol) was added to the mixture. The mixture was stirred at room temperature for 1 h, then poured 
into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The organic layer was dried over 
MgSO4 and evaporated. The residue was purified by silica gel chromatography (MeOH/CH2Cl2) to give 
62a (304 mg, 0.795 mmol, 82%) as a light yellow solid.  
1H NMR (DMSO-d6, 270 MHz)  8.12 (s, 1H), 8.07 (d, J = 8.2 Hz, 1H), 7.86 (d, J = 8.7 Hz, 1H), 7.72 (d, J 
= 7.7 Hz, 1H), 7.58 (t, J = 7.9 Hz, 1H), 7.26 (d, J = 2.3 Hz, 1H), 7.19 (dd, J = 8.7, 2.5 Hz, 1H), 4.14 (s, 
2H), 3.07 (s, 3H), 2.93 (s, 3H), 2.51 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) 160.8, 153.4, 153.3, 152.2, 
148.8, 147.9, 141.4, 134.9, 129.9, 126.4, 122.8, 122.3, 121.3, 118.5, 117.3, 109.7, 36.4, 36.2, 32.0, 15.4; 
ESIMS m/z 383 [M + H]+; HRMS (ESI)m/z 383.1236 [(M + H)+; calcd for C20H19N2O6: 383.1238]. 
 







To a solution of 62a (292 mg, 0.764 mmol) in anhydrous DMF (10 mL) was added SnCl2·2H2O (862 mg, 
3.82 mmol) at room temperature. After stirring for 21 h, saturated NaHCO3 aqueous solution was 
added to the mixture, and then extracted with EtOAc. The extract was washed with brine, dried over 
MgSO4, and evaporated. The residue was purified by silica gel chromatography (MeOH/CH2Cl2) to 
give 110a (246 mg, 0.698 mmol, 91%) as a light yellow solid.  
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1H NMR (CDCl3, 270 MHz)  7.59 (d, J = 8.9 Hz, 1H), 7.02–7.12 (m, 3H), 6.64 (d, J = 7.7 Hz, 1H), 6.58 
(s, 1H), 6.51 (dd, J = 7.7, 2.0 Hz, 1H), 3.97 (s, 2H), 3.60 (brs, 2H), 3.13 (s, 3H), 3.03 (s, 3H), 2.42 (s, 3H); 
13C NMR (DMSO-d6, 100 MHz) 160.8, 153.4, 153.1, 152.1, 148.8, 147.7, 139.4, 128.9, 126.2, 123.6, 
118.5, 117.4, 115.7, 113.2, 111.8, 109.7, 36.4, 36.2, 32.3, 15.3. 
 










To neat chlorosulfonyl isocyanate (67.4 L, 0.774 mmol) was slowly added formic acid (29.2 L , 0.774 
mmol) in THF (0.3 mL) at 0 °C. After stirring at room temperature for 2 h, anhydrous CH2Cl2 (1 mL) 
and THF (0.5 mL) were added to the mixture. The resulting mixture was added to a solution of 110a 
(90.9 mg, 0.259 mmol) and pyridine (500 L, 6.18 mmol) in anhydrous CH2Cl2 (2 mL) at 0 °C. After 
stirring at room temperature for 12 h, the mixture was quenched with MeOH, and evaporated. The 
residue was purified by preparative TLC (MeOH/CH2Cl2=1/10) to give 53a (37.6 mg, 0.0871 mmol, 
34%) as a white solid.  
1H NMR (CDCl3, 270 MHz)  7.60 (d, J = 8.1 Hz, 1H), 7.18 (dd, J = 8.1 Hz, 1H), 7.09–6.87 (m, 5H), 3.98 
(s, 2H), 3.12 (s, 3H), 3.02 (s, 3H), 2.43 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) 160.8, 153.4, 153.2, 
152.2, 148.1, 139.6, 139.5, 128.8, 126.3, 123.1, 121.7, 118.5, 117.7, 117.4, 115.6, 109.7, 36.4, 36.2, 32.2, 
15.4; ESIMS m/z 432 [M + H]+; HRMS (ESI)m/z 432.1227 [(M + H)+; calcd for C20H22N3O6S: 432.1224]. 
 
Fluorination of 53a: 
To a mixture of 53a (200 mg, 0.464 mmol) in anhydrous MeCN (9.3 mL) was added 
1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (329 mg, 0.929 mmol). 
The mixture was heated to 80 °C for 14 h. The mixture was cooled to room temperature and poured 
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into water, and extracted with EtOAc. The extract was washed with brine, dried over MgSO4, and 
evaporated. The residue was purified by flash chromatography on silica gel (KP-NH silica cartridge) 
eluting with MeOH and CH2Cl2 to give 53b (32.2 mg, 71.6 mol, 15%) as a white solid and mixture of 
53c and 53d (23.6 mg). The mixture was purified by HPLC through Shiseido CAPCELL PAK C18 
UG80 5 m (20 mm × 250 mm) reversed-phase column to give 53c (9.0 mg, 20.0 mol, 4%) as a white 
solid and 53d (7.1 mg, 15.8 mol, 3%) as a white solid. 
 











1H NMR (DMSO-d6, 400 MHz)  9.17 (s, 1H), 7.88 (d, J = 8.8 Hz, 1H), 7.27 (d, J = 2.2 Hz, 1H), 7.20 (dd, 
J = 8.8, 2.2 Hz, 1H), 7.12–7.09 (m, 2H), 6.96 (s, 2H), 6.82 (dd, J = 1.1 Hz, JH-F = 7.2 Hz, 1H), 3.94 (s, 2H), 
3.07 (s, 3H), 2.93 (s, 3H), 2.44 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) 160.4, 156.1 (d, JC-F = 238.6 Hz), 
153.3 (×2), 152.2, 148.9, 135.7, 126.3, 125.6 (d, JC-F = 16.9 Hz), 121.5, 119.8 (d, JC-F = 4.1 Hz), 118.5, 
117.7 (d, JC-F = 8.1 Hz), 117.2, 115.2 (d, JC-F = 23.5 Hz), 109.7, 36.4, 36.2, 25.4, 15.3; ESIMS m/z 450 [M 































1H NMR (DMSO-d6, 400 MHz)  9.00 (s, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.37 (dd, J = 2.5 Hz, JH-F = 8.2 Hz, 
1H)), 7.24 (d, J = 2.2 Hz, 1H), 7.18 (dd, J = 8.8, 2.5 Hz, 1H), 7.09 (dd, J = 10.4 Hz, JH-F = 8.2 Hz, 1H)), 
7.04 (s, 2H), 6.96 (ddd, J = 10.4, 2.2 Hz, JH-F = 8.2 Hz, 1H), 3.94 (s, 2H), 3.06 (s, 3H), 2.93 (s, 3H), 2.47 
(s, 3H); 13C NMR (DMSO-d6, 100 MHz) 160.7, 153.3, 153.3 (d, JC-F = 251.3 Hz), 153.2, 152.1, 148.2, 
134.9 (d, JC-F = 3.6 Hz), 126.3, 126.1 (d, JC-F = 13.1 Hz), 124.6 (d, JC-F = 7.2 Hz), 124.5, 123.0, 118.4, 
117.3, 115.4 (d, JC-F = 19.9 Hz), 109.6, 36.4, 36.2, 31.6, 15.3; ESIMS m/z 450 [M + H]+; HRMS (ESI)m/z 
450.1132 [(M + H)+; calcd for C20H21FN3O6S: 450.1130]. 
 
 












1H NMR (DMSO-d6, 400 MHz)  9.11 (s, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.33 (ddd, J = 7.7, 1.7 Hz, JH-F = 
7.7 Hz, 1H), 7.25 (d, J = 2.2 Hz, 1H), 7.19 (dd, J = 8.8, 2.2 Hz, 1H), 7.10 (s, 2H), 7.00 (dd, J = 7.7,7.7 Hz, 
1H), 6.85 (ddd, J = 7.7, 1.7 Hz, JH-F = 7.7 Hz, 1H), 3.97 (s, 2H), 3.07 (s, 3H), 2.93 (s, 3H), 2.44 (s, 3H); 
13C NMR (DMSO-d6, 100 MHz) 160.6, 153.4, 153.3, 152.3 (d, JC-F = 245.4 Hz), 152.2, 148.8, 126.6 (d, 
JC-F = 13.1 Hz), 126.3, 125.8 (d, JC-F = 14.2 Hz), 124.1 (d, JC-F = 3.0 Hz), 123.8 (d, JC-F = 3.3 Hz), 121.7, 
HMBC
13C: 153.3 ppm














121.6, 118.5, 117.3, 109.7, 36.4, 36.2, 25.8, 15.3; ESIMS m/z 450 [M + H]+; HRMS (ESI)m/z 450.1129 
[(M + H)+; calcd for C20H21FN3O6S: 450.1130]. 
 
Procedure for synthesis of 53e and 53f: 
To a mixture of 60a (300 mg, 0.964 mmol) in 2,2,2-trifluoroethanol (19.3 mL) were added 
N,N’-difluoro-2,2’-bipyridinium bis(tetrafluoroborate) (355 mg, 0.964 mmol) and NaOTf (33.2 mg, 
0.193 mmol). The mixture was heated to 80 °C for 20 h. The mixture was cooled to room temperature 
and poured into water, and extracted with EtOAc. The extract was washed with brine, dried over 
MgSO4, and evaporated. The residue was purified by flash chromatography on silica gel to give a 
mixture of 60a, 60e and 60f (178 mg), and trace amount of 61h. To a solution of the mixture of 60a, 60e 
and 60f (178 mg) in anhydrous DMF (5.0 mL) was added NaH (60% in oil, 27 mg, 0.686 mmol) at 0 °C. 
After stirring for 15 min, N,N-dimethylcarbamoyl chloride (63.0 L, 0.686 mmol) was added to the 
mixture. The mixture was stirred at room temperature for 2 h, then poured into water. The solid was 
collected by filtration, washed with water and MeCN to give a mixture of carbamate compounds (142 
mg). To a solution of carbamate compounds (140 mg) in EtOAc (5.0 mL) was added SnCl2·2H2O (410 
mg, 1.82 mmol). The mixture was heated to reflux for 12 h. The mixture was cooled to room 
temperature and poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The 
extract was washed with brine, dried over MgSO4, and evaporated to give aniline compounds (91.0 
mg). To a solution of chlorosulfonyl isocyanate (220 L, 2.58 mmol) in MeCN (2.5 mL) was slowly 
added water (46.0 L, 2.56 mmol) at 0 °C. After stirring for 30 min, the resulting mixture (0.5 mL, 
0.516 mmol) was added to a solution of aniline compounds (91.0 mg) and pyridine (42.0 L, 0.517 
mmol) in anhydrous DMF (1.5 mL) at 0 °C. After stirring for 3 h, the mixture was poured into water, 
and extracted with EtOAc. The extract was washed with brine, dried over MgSO4, and evaporated to 
give mixture of 53a, 53e and 53f (71.0 mg). The mixture was purified by HPLC through Supelco 
Discovery HS F5 5 m (21.2 mm × 150 mm) reversed-phase column to give 53a (30.0 mg, 69.5 mol, 
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1H NMR (DMSO-d6, 400 MHz)  10.32 (s, 1H), 8.15 (m, 1H), 7.89 (s, 1H), 7.61 (dd, J = 8.0, 8.0 Hz, 1H), 
7.52 (m, 2H), 6.74 (dd, J = 8.2, 2.2 Hz, 1H), 6.57 (d, J = 2.2 Hz, 1H), 5.61 (d, J = 2.9 Hz, 1H), 5.01 (s, 1H), 
3.35 (m, 2H); 13C NMR (DMSO-d6, 150 MHz)  164.5 (JC-F = 22.4 Hz), 160.0, 149.1, 147.2, 137.1, 135.6 
(JC-F = 18.9 Hz), 134.6, 129.5, 126.7, 125.0, 122.5, 113.3, 110.8, 110.3, 103.1, 92.8 (JC-F = 197.4 Hz), 41.6 
(JC-F = 24.3 Hz); ESIMS m/z 330 [M + H].  
 












1H NMR (DMSO-d6, 400 MHz)  9.34 (s, 1H), 7.85 (d, JH-F = 11.5 Hz, 1H), 7.48 (d, JH-F = 7.2 Hz, 1H), 
7.16 (dd, J = 7.7, 7.7 Hz, 1H), 7.06–6.96 (m, 3H), 6.96 (s, 1H), 6.84 (dd, J = 7.7, 1.1 Hz, 1H), 3.94 (s, 2H), 
3.08 (s, 3H), 2.94 (s, 3H), 2.44 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.5, 152.5, 150.8 (d, JC-F = 
242.3 Hz), 147.9, 147.6, (d, JC-F = 2.3 Hz), 140.6 (d, JC-F = 10.9 Hz), 139.6, 139.3, 128.8, 124.3, 121.7, 
118.4 (d, JC-F = 8.1 Hz), 117.7, 115.7, 112.4, 112.3 (d, JC-F = 21.7 Hz), 36.5, 36.3, 32.3, 15.6; ESIMS m/z 

















1H NMR (DMSO-d6, 400 MHz)  9.34 (s, 1H), 7.68 (dd, J = 8.8 Hz, JH-F = 2.2 Hz, 1H), 7.32 (dd, J = 8.8 
Hz, JH-F = 9.3 Hz, 1H), 7.17 (dd, J = 7.7, 7.7 Hz, 1H), 7.06–6.96 (m, 3H), 6.97 (s, 1H), 6.85 (d, J = 7.7 Hz, 
1H), 3.95 (s, 2H), 3.09 (s, 3H), 2.94 (s, 3H), 2.46 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  159.5, 152.5, 
148.2, 141.4 (d, JC-F = 250.2 Hz), 140.8, (d, JC-F = 8.6 Hz), 140.2 (d, JC-F = 10.1 Hz), 139.7, 139.2, 128.9, 
124.0, 121.7, 120.4 (d, JC-F = 3.0 Hz), 119.3, 119.3, 117.6, 115.7, 36.6, 36.3, 32.3, 15.6; HRMS (ESI)m/z 
450.1131 [(M + H)+; calcd for C20H21FN3O6S: 450.1130]. 
 








To a mixture of 62a (100 mg, 0.523 mmol) in anhydrous THF (4 mL) was added LiHMDS (1.0 M 
solution in toluene, 0.523 ml, 0.523 mmol) at −78 °C. After stirring for 30 min, 
N-fluorobenzenesulfonimide (165 mg, 0.523 mmol) in THF (2 mL) was added to the mixture. After 
stirring at −78 °C for 2 h, the mixture was diluted with EtOAc, and washed with brine twice. The 
organic layer was dried over MgSO4, and evaporated. The residue was purified by silica gel 
chromatography (EtOAc/hexane) to give 62g (110 mg, 0.275 mmol, 53%) as a white solid.  
1H NMR (DMSO-d6, 270 MHz)  8.15 (t, J = 1.8 Hz, 1H), 8.12–8.02 (m, 1H), 7.93 (dd, J = 8.1, 1.8 Hz, 
1H), 7.73 (d, J = 8.7 Hz, 1H), 7.58 (t, J = 8.1 Hz, 1H), 7.30 (d, J = 2.3 Hz, 1H), 7.23 (dd, J = 8.7, 2.3 Hz, 
1H), 5.88 (d, J = 46.3 Hz, 2H), 4.07 (br s, 2H), 3.07 (s, 3H), 2.93 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) 
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160.7, 153.5, 153.2, 152.7, 147.8, 143.3 (d, JC-F = 13.5 Hz), 140.9, 135.1, 129.9, 126.6, 125.8 (d, JC-F = 
6.0 Hz), 123.0, 121.4, 118.8, 115.3, 110.0, 77.7 (d, JC-F = 161.2 Hz), 36.4, 36.2, 31.7; ESIMS m/z 401 [M 
+ H]+; HRMS (ESI)m/z 401.1140 [(M + H)+; calcd for C20H18FN2O6: 401.1143]. 
 











To a mixture of 62g (30.0 mg, 75.0 mol) in EtOAc (3 mL) was added SnCl2·2H2O (67.6 mg, 0.300 
mmol) at room temperature. The mixture was heated to reflux for 6 h. The mixture was cooled to room 
temperature, poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract 
was washed with brine. The organic layer was dried over MgSO4 and evaporated. The residue was 
purified by silica gel chromatography (EtOAc/hexane) to give crude aniline (29.5 mg, ESIMS m/z 371 
[M + H]+) as a solid. To neat chlorosulfonyl isocyanate (13.0 L, 0.150 mmol) was slowly added formic 
acid (5.75 L, 0.150 mmol) at 0 °C. After stirring at room temperature for 10 min, anhydrous CH2Cl2 
(0.3 mL) was added to the mixture. The resulting mixture was added to a solution of the above aniline 
(29.5 mg) and pyridine (12.1 L, 0.150 mmol) in anhydrous CH2Cl2 (1 mL) at 0 °C. After stirring at 
room temperature for 30 min, the mixture was poured into water, and extracted with EtOAc. The 
organic layer was dried over MgSO4 and evaporated. The residue was purified by silica gel 
chromatography (MeOH/CH2Cl2) to give 53g (29.4 mg, 65.4 mol, 87%) as a white solid. 
1H NMR (DMSO-d6,, 270 MHz)  9.39 (br s, 1H), 7.91 (dd, J = 8.7, 2.3 Hz, 1H), 7.30 (d, J = 2.3 Hz, 1H), 
7.22 (dd, J = 8.7, 2.3 Hz, 1H), 7.15 (d, J = 7.6 Hz, 1H), 7.05 (m, 3H), 6.96 (br s, 1H), 6.81 (br d, J = 7.6 
Hz, 1H), 5.83 (d, J = 46.0 Hz, 2H), 4.02 (s, 2H), 3.07 (s, 3H), 2.93 (s, 3H); 13C NMR (DMSO-d6, 100 
MHz) 160.7, 153.4, 153.3, 152.6, 142.8 (d, JC-F = 13.4 Hz), 139.7, 139.2, 128.9, 126.5, 126.3 (d, JC-F = 
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7.3 Hz), 121.5, 118.8, 117.8, 115.8, 115.3, 110.0, 77.7 (d, JC-F = 164.1 Hz), 36.4, 36.2, 31.9; ESIMS m/z 
450 [M + H]+; HRMS (ESI)m/z 450.1129 [(M + H)+; calcd for C20H21FN3O6S: 450.1130]. 
 










To a solution of 110a (100 mg, 0.284 mmol) in anhydrous MeCN (3 mL) were added 
N-methyl-2-oxooxazolidine-3-sulfonamide (102 mg, 0.568 mmol) and Et3N (118 L, 0.852 mmol) at 
room temperature. The reaction mixture was heated to 80 °C for 6 h. The mixture was cooled to room 
temperature and diluted with EtOAc. The mixture was washed with 1.0 M HCl aqueous solution, 
saturated NaHCO3 aqueous solution and brine. The organic layer was dried over MgSO4 and 
evaporated. The residue was recrystallized from EtOH to give 54a (91.1 mg, 0.204 mmol, 72%) as a 
white solid. 
1H NMR (CDCl3, 270 MHz)  7.59 (d, J = 5.4 Hz, 1H), 7.30–6.54 (m, 6H), 4.65–4.55 (m, 1H), 4.01 (s, 
2H), 3.17 (s, 3H), 3.08 (s, 3H), 2.64 (d, J = 5.1 Hz, 3H), 2.44 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  
160.8, 153.4, 153.2, 152.2, 148.2, 139.7, 139.0, 129.0, 126.3, 123.0, 122.2, 118.5, 118.0, 117.4, 115.9, 
109.7, 36.4, 36.2, 32.2, 28.3, 15.4; ESIMS m/z 446 [M + H]+; HRMS (ESI)m/z 446.1384 [(M + H)+; calcd 
for C21H24N3O6S: 446.1380]. 
 
Fluorination of 54a: 
To a mixture of 54a (49.8 mg, 0.112 mmol) in anhydrous MeCN (2 mL) was added 
1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (79.0 mg, 0.224 mmol). 
The mixture was heated to 80 °C for 2 h. The mixture was cooled to room temperature and poured into 
water, and extracted with EtOAc. The extract was washed with brine, dried over MgSO4, and 
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evaporated. The residue was purified by preparative HPLC to afford 54d (2.3 mg, 5.0 mol, 4%) as a 
white solid and crude 54b. Crude 54b was purified by silica gel chromatography (MeOH/CH2Cl2) to 














1H NMR (DMSO-d6, 500 MHz)  9.39 (br s, 1H), 7.88 (d, J = 8.8 Hz, 1H), 7.27 (d, J = 2.2 Hz, 1H), 7.20 
(dd, J = 8.8, 2,2 Hz, 1H), 7.13–7.05 (m, 3H), 6.87 (d, J = 5.9 Hz, 1H), 3.94 (s, 2H), 3.07 (s, 3H), 2.93 (s, 
















1H NMR (DMSO-d6, 270 MHz)  9.37 (br s, 1H), 7.86 (d, J = 8.7 Hz, 1H), 7.32–7.15 (m, 4H), 7.01 (t, J = 










1H: 3.93 ppm 1H: 6.87 ppm
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peak overlapped with the DMSO peak; 13C NMR (DMSO-d6, 100 MHz) 160.6, 153.4, 153.3, 152.6 (d, 
JC-F = 245.7 Hz), 152.2, 148.9, 126.4, 126.0 (d, JC-F = 14.2 Hz), 125.9 (d, JC-F = 13.4 Hz), 124.8 (d, JC-F = 
3.3 Hz), 124.0 (d, JC-F = 4.5 Hz), 122.3, 121.6, 118.6, 117.3, 109.7, 36.4, 36.2, 28.3, 25.7, 15.3; ESIMS 
m/z 464 [M + H]+; HRMS (ESI)m/z 464.1288 [(M + H)+; calcd for C21H23FN3O6S: 464.1286]. 
 







2-(3-Nitrobenzyl)-3-oxo-butyric acid ethyl ester (392 mg, 2.90 mmol) and 4-fluororesorcinol (193 mg, 
3.05 mmol) were dissolved in conc. sulfuric acid (316 L, 5.81 mmol). After stirring at room 
temperature for 2 h, the mixture was poured into water. The solid was collected by filtration, and 
washed with MeOH to give crude coumarin (488 mg) as a solid. To a solution of crude coumarin (488 
mg) in anhydrous DMF (4 mL) was added NaH (60% in oil, 71.2 mg, 1.78 mmol) at 0 °C. After stirring 
for 30 min, N,N-dimethylcarbamoyl chloride (0.164 mL, 1.78 mmol) was added to the mixture. The 
mixture was stirred at room temperature for 5 h, then poured into saturated NaHCO3 aqueous 
solution, and extracted with EtOAc. The extract was washed with brine. The organic layer was dried 
over MgSO4 and evaporated. The residue was purified by silica gel chromatography (MeOH/CH2Cl2) to 
give 62e (477 mg, 1.19 mmol, 41%) as a solid. 
1H NMR (DMSO-d6, 270 MHz)  8.12 (s, 1H), 8.08 (m, 1H), 7.86 (d, J = 11.1 Hz, 1H), 7.72 (d, J = 7.9 Hz, 



















To a solution of 62e (55.4 mg, 0.149 mmol) in anhydrous EtOAc (1 mL) and EtOH (0.3 mL) was added 
SnCl2·2H2O (169 mg, 0.747 mmol) at room temperature. The mixture was heated to 60 °C for 4 h. The 
mixture was cooled to room temperature, poured into saturated NaHCO3 aqueous solution, and 
extracted with EtOAc. The extract was washed with water and then brine. The organic layer was 
dried over MgSO4 and evaporated to give crude aniline (26.0 mg, ESIMS m/z 371 [M + H]+). To a 
mixture of the crude aniline (26.0 mg, 70.2 mol) in anhydrous MeCN (4 mL) were added 30r (27.0 mg, 
0.149 mmol) and Et3N (42.0 L, 0.300 mmol) at room temperature. The reaction mixture was heated 
to 80 °C for 12 h. The mixture was cooled to room temperature and diluted with EtOAc. The mixture 
was washed with 1.0 M HCl aqueous solution, saturated NaHCO3 aqueous solution and brine. The 
organic layer was dried over MgSO4 and evaporated. The residue was purified by silica gel 
chromatography (MeOH/CH2Cl2) to give 54e (14.7 mg, 31.7 mol, 21%) as a white solid. 
1H NMR (CD3OD, 270 MHz)  7.66 (d, J = 11.0 Hz, 1H), 7.29 (d, J = 6.8 Hz, 1H), 7.19 (dd, J = 7.8, 7.8 
Hz, 1H), 7.13–7.03 (m, 2H), 6.93 (d, J = 7.8 Hz, 1H), 4.03 (s, 2H), 3.15 (s, 3H), 3.02 (s, 3H), 2.50 (s, 3H), 




















To a mixture of 62g (30.0 mg, 75.0 mol) in EtOAc (3 mL) was added SnCl2·2H2O (67.6 mg, 0.300 
mmol) at room temperature. The mixture was heated to reflux for 6 h. The mixture was cooled to room 
temperature, poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract 
was washed with brine. The organic layer was dried over MgSO4 and evaporated. The residue was 
purified by silica gel chromatography (EtOAc/hexane) to give crude aniline (30.5 mg, ESIMS m/z 371 
[M + H]+) as a solid. To a solution of the crude aniline (30.5 mg) in anhydrous MeCN (1 mL) were 
added N-methyl-2-oxooxazolidine- 3-sulfonamide (41.0 mg, 0.225 mmol) and Et3N (31.4 L, 0.225 
mmol) at room temperature. The reaction mixture was heated to 80 °C for 4 h. The mixture was cooled 
to room temperature, and evaporated. The residue was purified by preparative HPLC to give 54g (23.8 
mg, 51.4 mol, 69%) as a white solid. 
1H NMR (DMSO-d6, 270 MHz)  9.56 (br s, 1H), 7.91 (dd, J = 8.7, 2.3 Hz, 1H), 7.31 (d, J = 2.3 Hz, 1H), 
7.30–7.10 (m, 3H), 7.02 (d, J = 7.7 Hz, 1H), 7.00 (br s, 1H), 6.84 (br d, J = 7.6 Hz, 1H), 5.84 (d, J = 46.2 
Hz, 2H), 4.02 (br s, 2H), 3.07 (s, 3H), 2.93 (s, 3H) , 2.42 (d, J = 5.1 Hz, 3H); 13C NMR (DMSO-d6, 100 
MHz) 160.7, 153.4, 153.3, 152.6, 142.8 (d, JC-F = 13.5 Hz), 139.4 (d, JC-F = 2.3 Hz), 139.1, 129.1, 126.6 
(d, JC-F = 3.3 Hz), 126.3 (d, JC-F = 6.0 Hz), 122.1, 118.9, 118.2, 116.1, 115.3, 110.0, 77.7 (d, JC-F = 161.9 













To a suspension of 60a (3.00 g, 9.64 mmol) in anhydrous DMF (30 mL) were added NaH NaH (60% in 
oil, 500 mg, 12.5 mmol) at 0 °C. After stirring for 15 min, 2-bromopyrimidine (1.84 g, 12.5 mmol) was 
added to the mixture. The mixture was heated to 100 °C for 7 h. After cooling to room temperature, 
the mixture was poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc twice. 
The combined extract was washed with water and brine. The organic layer was dried over MgSO4 and 
evaporated. The solid was washed with MeOH to give 111 (3.17 g, 8.14 mmol, 84%) as a yellow solid. 
1H NMR (CDCl3, 270 MHz)  8.59 (d, J = 4.8 Hz, 2H), 8.10–8.07 (m, 2H), 7.72 (d, J = 8.7 Hz, 1H), 7.64 
(d, J = 7.7 Hz, 1H), 7.46 (dd, J = 7.7, 7.7 Hz, 1H), 7.40–7.20 (m, 1H), 7.20 (dd, J = 8.7, 2.1 Hz, 1H), 7.12 













To a solution of 111 (249 mg, 0.640 mmol) in anhydrous DMF (13 mL) was added SnCl2·2H2O (744 g, 
3.30 mmol) at room temperature. After stirring for 26 h, saturated NaHCO3 aqueous solution was 
added to the mixture. The aqueous mixture was extracted with EtOAc. The extract was washed with 
water and brine, dried over MgSO4, and evaporated. The residue was purified by silica gel 
chromatography (MeOH/CH2Cl2) to give a crude aniline (200 mg, ESIMS m/z 360 [M + H]+) as a light 
yellow solid. To a solution of sulfuryl chloride (0.150 mL, 1.83 mmol) in anhydrous CH2Cl2 (5 mL) were 
added 2.0 M methylamine THF solution (1.82 mL, 1.82 mmol) and DMAP (224 mg, 1.82 mmol) in 
anhydrous CH2Cl2 (2 mL) at −78 °C. The reaction mixture was warmed to room temperature and 
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stirred for 2 h. The resulting mixture was added to a solution of the crude aniline (200 mg) and 
pyridine (0.147 mL, 1.82 mmol) at 0 °C. After stirring at room temperature for 18 h, the reaction 
mixture was poured into water, and extracted with CH2Cl2 twice. The combined organic layer was 
dried over MgSO4 and evaporated. The residue was purified by flash chromatography on silica gel 
(KP-NH silica cartridge) eluting with MeOH and CH2Cl2 to give 65a (34.0 mg, 7.51 mol, 12%) as an 
amorphous. 
1H NMR (CDCl3, 270 MHz)  8.59 (d, J = 4.8 Hz, 2H), 7.70 (d, J = 8.7 Hz, 1H), 7.27–7.09 (m, 5H), 
7.03–7.00 (m, 2H), 6.37 (br s, 1H), 4.50 (br s, 1H), 4.04 (s, 2H), 2.71 (d, J = 5.4 Hz, 3H), 2.50 (s, 3H); 







To a solution of 2-chloro-1-methyl-3-nitorobenzene (55, 73.4 g, 428 mmol) in anhydrous DMSO (185 
mL) was added CsF (97.5 g, 642 mmol). The mixture was heated to 140 °C for 10 h. The mixture was 
cooled to room temperature and poured into 0.5 M HCl aqueous solution. The aqueous mixture was 
extracted with EtOAc twice. The combined extracts were washed with brine. The organic layer was 
dried over MgSO4 and concentrated in vacuo. The residue was purified by distillation under reduced 
pressure (118–122 °C, 15 mmHg) to give 63d (54.4 g, 351 mmol, 82%) as a yellow oil.  














To a solution of 63d (68.2 g, 440 mmol) and N-bromosuccinimide (95.0 g, 528 mmol) in CCl4 (1.50 L) 
was added benzoyl peroxide (10.7 g, 44.0 mmol). The mixture was heated to reflux for 5 h, then cooled 
to room temperature and filtered. The filtrate was concentrated in vacuo and purified by silica gel 
chromatography (hexane) to give 1-bromomethyl-2-fluoro-3-nitrobenzene (68.7 g, 294 mmol) as a 
yellow oil. To a solution of ethyl acetoacetate (37.4 mL, 294 mmol) in anhydrous THF (600 mL) was 
added NaH (65% in oil, 10.6 g, 294 mmol) at 0 °C. After stirring for 30 min, 
1-bromomethyl-2-fluoro-3-nitrobenzene (68.7 g, 294 mmol) in anhydrous THF (400 mL) was added to 
the mixture at 0 °C and then stirred at room temperature for 12 h. The mixture was poured into 0.5 M 
HCl aqueous solution, and extracted with EtOAc. The extract was washed with saturated NaHCO3 
aqueous solution and brine. The organic layer was dried over MgSO4 and evaporated. The residue was 
purified by silica gel chromatography (EtOAc/hexane) to give 56d (52.2 g, 185 mmol, 42%) as an oil. 
1H NMR (DMSO-d6, 270 MHz)  8.01 (td, J = 7.6, 1.9 Hz, 1H), 7.72 (td, J = 7.2, 1.9 Hz, 1H), 7.37 (td, J 
= 7.5, 1.1 Hz, 1H), 4.11 (m, 1H), 4.07 (qd, J = 7.0, 1.0 Hz, 2H), 3.16 (t, J = 7.3 Hz, 2H), 2.23 (s, 3H), 1.10 








Resorcinol (14.8 g, 135 mmol) and 56d (38.2 g, 135 mmol) were dissolved in conc. sulfuric acid (22 mL) 
at 0 °C. After stirring at room temperature for 12 h, the mixture was poured into water. The solid was 
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collected by filtration, washed with water and MeOH to give 60d (28.3 g, 85.9 mmol, 64%) as a light 
yellow solid.  
1H NMR (DMSO-d6, 270 MHz)  7.98 (td, J = 8.9, 1.6 Hz, 1H), 7.69 (d, J = 8.9 Hz, 1H), 7.58 (td, J = 6.2, 
4.3 Hz, 1H), 7.32 (td, J = 8.9, 1.1 Hz, 1H), 6.83 (dd, J = 8.9, 2.4 Hz, 1H), 6.72 (d, J = 2.4 Hz, 1H), 4.02 (s, 








To a solution of 60d (5.00 g, 15.2 mmol) in EtOAc (115 mL) was added SnCl2·2H2O (17.1 g, 75.8 mmol) 
at room temperature. The mixture was refluxed for 1.5 h. The mixture was cooled to room 
temperature, poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract 
was washed with brine. The organic layer was dried over MgSO4 and evaporated to give 64d (3.25 g, 
10.9 mmol, 71%) as a solid. 
1H NMR (DMSO-d6, 270 MHz)  10.47 (br s, 1H), 7.64 (d, J = 8.7 Hz, 1H), 6.81 (dd, J = 8.7, 2.4 Hz, 1H), 
6.75–6.67 (m, 2H), 6.59 (ddd, J = 8.2, 1.5 Hz, JH-F = 8.2 Hz, 1H), 6.20 (ddd, J = 7.6, 1.5 Hz, JH-F = 7.6 Hz, 
1H), 5.06 (br s, 2H), 3.85 (s, 2H), 2.35 (s, 3H); ESIMS m/z 300 [M + H]+. 
 








To a solution of 64d (38.5 g, 129 mmol) in anhydrous DMF (500 mL) were added Cs2CO3 (50.3 g, 154 
mmol) and 2-bromopyrimidine (81.8 g, 515 mmol). The reaction mixture was heated to 100 °C for 40 
132 
 
min. After cooling to room temperature, the mixture was poured into water, and extracted with EtOAc. 
The extract was washed with brine. The organic layer was dried over MgSO4 and evaporated. The 
residue was washed with EtOAc to give 112d (37.0 g, 98.0 mmol, 76%) as a solid.  
1H NMR (DMSO-d6, 270 MHz)  8.68 (d, J = 4.8 Hz, 2H), 7.89 (d, J = 8.8 Hz, 1H), 7.37 (d, J = 2.4 Hz, 
1H), 7.34 (t, J = 4.8 Hz, 1H), 7.26 (dd, J = 8.8, 2.4 Hz, 1H), 6.73 (dd, J = 8.2, 7.2 Hz, 1H), 6.61 (ddd, J = 
8.2, 1.7 Hz, JH-F = 8.2 Hz, 1H), 6.25 (ddd, J = 7.2, 1.7 Hz, JH-F = 7.2 Hz, 1H), 5.08 (br s, 2H), 3.93 (s, 2H), 
2.45 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) 164.3, 160.6, 160.2 (×2), 154.7, 152.6, 148.8 (d, JC-F = 
235.7 Hz), 148.3, 136.4 (d, JC-F = 13.5 Hz), 126.7, 125.0 (d, JC-F = 12.7 Hz), 123.9 (d, JC-F = 3.4 Hz), 122.3, 
118.2, 117.5, 117.4, 115.6, 114.4 (d, JC-F = 3.1 Hz), 109.5, 25.6, 15.2; ESIMS m/z 378 [M + H]+; HRMS 















To a solution of 112d (18.5g, 49.0 mmol) in anhydrous MeCN (300 mL) were added 
N-methyl-2-oxooxazolidine-3-sulfonamide (26.5 g, 146 mmol) and Et3N (34.0 ml, 245 mmol) at room 
temperature. The reaction mixture was heated to 75 °C for 3.5 h. After cooling to room temperature, 
the mixture was poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The 
extract was washed with 10% aqueous Na2CO3. The organic layer was dried over MgSO4 and 
evaporated. The residue was purified by silica gel chromatography (EtOAc/CH2Cl2) to give 65d (14.0 g, 
29.8 mmol, 63%, purity >99%) as a solid.  
mp = 120 °C; 1H NMR (DMSO-d6, 270 MHz)  9.38 (br s, 1H), 8.69 (dd, J = 4.8, 1.2 Hz, 2H), 7.91 (d, J = 
8.4 Hz, 1H), 7.40–7.34 (m, 4H), 7.17 (br s, 1H), 7.06–6.97 (m, 1H), 6.92–6.83 (m, 1H), 3.99 (s, 2H), 2.45 
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(s, 3H) ,The CH3 peak overlapped with the DMSO peak; 13C NMR (DMSO-d6, 100 MHz)  164.3, 160.6, 
160.2 (×2), 154.8, 152.7 (d, JC-F = 246.1 Hz), 152.6, 148.9, 126.9, 126.0 (d, JC-F = 14.9 Hz), 125.9 (d, JC-F 
= 9.7 Hz), 124.8 (d, JC-F = 2.6 Hz), 124.0 (d, JC-F = 6.2 Hz), 122.3, 121.6, 118.3, 117.6, 117.4, 109.5, 28.4, 










To a suspension of 60a (1.00 g, 3.21 mmol) in anhydrous DMF (10 mL) were added 2-bromothiazole 
(1.58 g, 9.63 mmol), Cs2CO3 (2.10 g, 6.45 mmol), CuI (123 mg, 0.646 mmol) at room temperature. The 
mixture was heated to 110 °C for 20 min using a microwave reactor. After cooling to room 
temperature, the mixture was filtered, and water was added. The aqueous mixture was extracted with 
CH2Cl2 twice. The combined organic layer was dried over MgSO4 and evaporated. The residue was 
purified by flash chromatography on silica gel (KP-NH silica cartridge) eluting with CH2Cl2 and 
hexane to give 113 (481 mg, 1.22 mmol, 38%) as a light yellow solid. 
1H NMR (CDCl3, 270 MHz)  8.10–8.05 (m, 2H), 7.68 (d, J = 8.8 Hz, 1H), 7.66–7.61 (m, 1H), 7.50–7.43 









Compound 114 was prepared by the procedures previously described for compound 64d using 113 (400 
mg, 1.10 mmol, 90%).  
1H NMR (CDCl3, 270 MHz)  7.64 (d, J = 8.9 Hz, 1H), 7.33–7.21 (m, 3H), 7.05 (dd, J = 7.8, 7.8 Hz, 1H), 
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Compound 66a was prepared by the procedures previously described for compound 32 using 114 (65.0 
mg, 142 mol, 52%).  
1H NMR (DMSO-d6, 270 MHz)  7.94 (d, J = 8.9 Hz, 1H), 7.49 (d, J = 2.5 Hz, 1H), 7.40–7.32 (m, 3H), 
7.25–7.13 (m, 2H), 7.05–6.99 (m, 2H), 6.87 (d, J = 7.3 Hz, 1H), 3.94 (s, 2H), 2.43 (d, J = 3.1 Hz, 3H), The 
CH3 peak overlapped with the DMSO peak; 13C NMR (DMSO-d6, 100 MHz)  171.5, 160.6, 156.6, 
152.6, 148.0, 139.7, 139.1, 137.6, 129.0, 127.3, 123.4, 122.2, 118.0, 117.8, 116.1, 115.9, 115.7, 107.6, 















To a solution of 64d (5.00 g, 16.9 mmol) in anhydrous DMF (75 mL) were added 2-bromothiazole (6.00 
ml, 67.6 mmol) and Cs2CO3 (11.0 g, 33.8 mmol) at room temperature. The reaction mixture was heated 
to 100 °C for 19 h. After cooling to room temperature, the mixture was poured into water, and 
extracted with EtOAc. The extract was washed with brine. The organic layer was dried over MgSO4 
and evaporated. The residue was purified by silica gel chromatography (MeOH/CH2Cl2) to give 
3-(3-amino-2-fluoro-benzyl)-4-methyl-7-(thiazol-2- yloxy)-2H-chromen-2-one (2.46 g, 6.43 mmol, 38%) 
as a light yellow solid (ESIMS m/z 383 [M + H]+). To a solution of the thiazol (24.0 mg, 0.0628 mmol) in 
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anhydrous MeCN (2 mL) were added N-methyl-2-oxo- oxazolidine-3-sulfonamide (23.0 mg, 0.128 
mmol) and Et3N (26.0 l, 0.187 mmol) at room temperature. The reaction mixture was heated to 80 °C 
for 2 h. After cooling to room temperature, the mixture was poured into saturated NaHCO3 aqueous 
solution, and extracted with EtOAc. The extract was washed with brine. The organic layer was dried 
over MgSO4 and evaporated. The residue was purified by silica gel chromatography (MeOH/CH2Cl2) to 
give 66d (17.0 mg, 0.0358 mmol, 57%) as a white yellow solid.  
1H NMR (DMSO-d6, 270 MHz)  9.39 (br s, 1H), 7.95 (d, J = 8.9 Hz, 1H), 7.49 (d, J = 2.5 Hz, 1H), 
7.39–7.34 (m, 3H), 7.29 (ddd, J = 7.8, 7.8, 1.5 Hz, 1H), 7.20 (d, J = 5.0 Hz, 1H), 7.04–6.98 (m, 1H), 
6.90–6.85 (m, 1H), 3.98 (s, 2H), 2.46 (s, 3H) ,The CH3 peak overlapped with the DMSO peak; 13C NMR 
(DMSO-d6, 100 MHz)  171.5, 160.4, 156.6, 152.7 (d, JC-F = 242.4 Hz), 152.7, 148.7, 137.6, 127.4, 125.9 
(d, JC-F = 14.6 Hz), 125.9 (d, JC-F = 12.0 Hz), 124.8 (d, JC-F = 2.3 Hz), 124.0 (d, JC-F = 4.2 Hz), 122.3, 
121.9, 117.7, 116.1, 115.8, 107.6, 28.3, 25.8. 15.3; ESIMS m/z 476[M + H]+; HRMS (ESI)m/z 476.0748 
[(M + H)+; calcd for C21H19FN3O5S2: 476.0745]. 
 






To a solution of ethyl acetoacetate (5.61 g, 43.1 mmol) in anhydrous THF (35 mL) was added NaH 
(60% in oil, 0.517 g, 12.9 mmol) at 0 °C. After stirring for 15 min, 2-methyl-3-nitorobenzyl chloride 
(2.00 g, 10.8 mmol) was added to the mixture at 0 °C and then stirred at room temperature for 12 h. 
The mixture was poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The 
extract was washed with brine. The organic layer was dried over MgSO4 and evaporated. The residue 




1H NMR (DMSO-d6, 400 MHz)  7.67 (d, J = 7.9 Hz, 1H), 7.44 (d, J = 7.9 Hz, 1H), 7.35 (dd, J = 7.9, 7.9 
Hz, 1H), 4.15–4.00 (m, 3H), 3.20 (dd, J = 14.5, 6.2 Hz, 1H), 3.10 (dd, J = 14.5, 8.8 Hz, 1H), 2.33 (s,3H), 
2.21 (s, 3H), 1.09 (dd, J = 7.1, 7.1 Hz, 3H); 13C NMR (DMSO-d6, 100 MHz)  202.2, 168.8, 151.2, 139.6, 
133.4, 129.5, 126.6, 121.9, 61.1, 58.5, 30.4, 29.2, 14.2, 13.8; ESIMS m/z 280 [M + H]+; HRMS (ESI)m/z 







Compound 68 (601 mg, 2.15 mmol) and resorcinol (355 mg, 3.23 mmol) were dissolved in conc. sulfuric 
acid (344 L, 6.45 mmol). After stirring at room temperature for 9 h, the mixture was poured into 
water. The solid was collected by filtration, washed with water, and recrystallized from EtOH to give 
69 (642 mg, 197 mmol, 92%) as a white solid. 
1H NMR (DMSO-d6, 400 MHz)  10.49 (s, 1H), 7.69 (d, J = 8.3 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.28 
(dd, J = 7.9, 7.9 Hz, 1H), 7.12 (d, J = 7.9 Hz, 1H), 6.84 (dd, J = 8.3, 2.2 Hz, 1H), 6.74 (d, J = 2.2 Hz, 1H), 
3.95 (s, 2H), 2.42 (s, 3H), 2.34 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  161.1, 160.7, 153.7, 151.2, 
150.1, 140.3, 130.2, 129.4, 126.9, 126.7, 121.3, 118.3, 113.0, 112.4, 102.0, 30.0, 15.1, 14.3; ESIMS m/z 







To a solution of 69 (500 mg, 1.54 mmol) in anhydrous EtOAc (25 mL) was added SnCl2·2H2O (1.17g, 
6.15 mmol) at room temperature. The mixture was heated to 80 °C for 7 h. The mixture was cooled to 
room temperature, poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The 
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extract was washed with water and then brine. The organic layer was dried over MgSO4 and 
evaporated. The residue was washed with hexane to give 115 (304 mg, 1.03 mmol, 67%) as a white 
solid. 
1H NMR (DMSO-d6, 400 MHz)  10.43 (s, 1H), 7.64 (d, J = 8.9 Hz, 1H), 6.81 (dd, J = 8.9, 2.2 Hz, 1H), 
6.73 (d, J = 2.2 Hz, 1H), 6.71 (dd, J = 7.5, 7.5 Hz, 1H), 6.49 (d, J = 7.5 Hz, 1H), 6.00 (d, J = 7.5 Hz, 1H), 
4.78 (s, 2H), 3.79 (s, 2H), 2.26 (s, 3H), 2.08 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  161.3, 160.4, 153.5, 
149.0, 146.7, 136.9, 126.6, 125.6, 119.9, 119.1, 114.5, 112.9, 112.6, 112.5, 101.9, 30.0, 15.0, 12.4; HRMS 









To a solution of 115 (100 mg, 339 mol) in anhydrous DMF (3 mL) were added Cs2CO3 (165 mg, 508 
mol) and 2-bromopyrimidine (108 mg, 677 mol). The reaction mixture was heated to 100 °C for 1 h. 
After cooling to room temperature, the mixture was poured into water, and extracted with EtOAc. The 
extract was washed with brine. The organic layer was dried over MgSO4 and evaporated in vacuo. The 
residue was purified by preparative HPLC to give 116 (111 mg, 297 mol, 88%). 
1H NMR (DMSO-d6, 400 MHz) 8.69 (d, J = 4.9 Hz, 2H), 7.91 (d, J = 8.8 Hz, 1H), 7.39 (d, J = 2.2 Hz, 
1H), 7.34 (t, J = 4.9 Hz, 1H), 7.28 (dd, J = 8.8, 2.2 Hz, 1H), 7.01 (d, J = 7.4, 7.4 Hz, 1H), 6.97 (d, J = 7.4 
Hz, 1H), 6.62 (d, J = 7.4 Hz, 1H), 3.94 (s, 2H), 2.40 (s, 2H), 2.27 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) 
 164.3, 160.7, 160.2 (×2), 154.8, 152.7, 149.0, 138.5, 134.5, 127.7, 126.8, 126.5, 123.5, 122.4, 119.3, 

















Compound 70 was prepared by the procedures previously described for compound 32 using 116 (21.1 
mg, 45.3 mol, 84%). 
1H NMR (CDCl3, 400 MHz)  8.61 (d, J = 4.6 Hz, 2H), 7.72 (d, J = 8.4 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 
7.27 (d, J = 3.1 Hz, 1H), 7.21 (dd, J = 8.4, 2.3 Hz, 1H), 7.13 (t, J = 5.0 Hz, 1H), 7.07 (t, J = 7.8 Hz, 1H), 
6.73 (d, J = 7.6 Hz, 1H), 6.17 (s, 1H), 4.36 (q, 1H), 4.03 (s, 2H), 2.79 (s, 3H), 2.41 (s, 3H), 2.38 (s, 3H) ; 
13C NMR (DMSO-d6, 100 MHz)  164.4, 160.7, 160.2 (×2), 154.8, 152.8, 149.0, 137.6, 136.3, 132.3, 
126.7, 125.7, 123.6, 123.5, 122.5, 118.3, 117.5, 117.5, 109.6, 30.5, 28.6, 15.4, 13.9; ESIMS m/z 467 [M + 






To a suspension of 60a (32.0 g, 103 mmol) in TFA (1.0 L) was added NIS (23.6 g, 105 mmol) at 0 °C. 
The mixture was stirred at 0 °C for 6 h, and then warmed up to room temperature for 12 h. The 
mixture was diluted with EtOAc and washed with water, and brine. The organic layer was dried over 
MgSO4 and evaporated. The residue was recrystallized from MeOH and CH2Cl2 to give 117 (20.0 g, 
45.8 mmol, 44%) as a white solid.  
1H NMR (DMSO-d6, 270 MHz)  11.39 (s, 1H), 8.10–8.05 (m, 3H), 7.69 (d, J = 2.7 Hz, 1H), 7.57 (dd, J = 













Compound 72 was prepared by the procedures previously described for compound 104 using 117 (17.0 
g, 33.4 mmol, 75%).  
1H NMR (DMSO-d6, 270 MHz)  8.24 (s, 1H), 8.11 (s, 1H), 8.08 (d, J = 8.1 Hz, 1H), 7.71 (d, J = 7.7 Hz, 
1H), 7.57 (dd, J = 8.1, 7.7 Hz, 1H), 7.38 (s, 1H), 4.13 (s, 2H), 3.13 (s, 3H), 2.96 (s, 3H), the CH3 peak 
overlapped with the DMSO peak; ESIMS m/z 509 [M + H]+. 
 







Compound 118 was prepared by the procedures previously described for compound 8 using 72 (3.22 g, 
6.73 mmol, 85%).  
1H NMR (DMSO-d6, 400 MHz)  8.22 (s, 1H), 7.37 (s, 1H), 6.90 (dd, J = 7.7 Hz, 1H), 6.38–6.35 (m, 3H), 
4.97 (br s, 2H), 3.83 (s, 2H), 3.13 (s, 3H), 2.96 (s, 3H), 2.43 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  
160.4, 152.9, 152.5, 152.1, 148.8, 146.8, 139.2, 134.8, 128.9, 124.4, 119.8, 115.7, 113.1, 111.8, 111.4, 86.8, 




















Compound 73 was prepared by the procedures previously described for compound 32 using 118 (33.0 
mg, 57.8 mol, 56%). 
1H NMR (DMSO-d6, 400 MHz)  8.24 (s, 1H), 7.38 (s, 1H), 7.23–7.14 (m, 2H), 7.03–6.98 (m, 2H), 6.86 
(d, J = 8.1 Hz, 1H), 3.93 (s, 2H), 3.13 (s, 3H), 2.96 (s, 3H), 2.45 (s, 3H), 2.43 (d, J = 2.7 Hz, 3H); 13C 
NMR (DMSO-d6, 100 MHz)  160.4, 153.0, 152.5, 152.1, 147.2, 139.5, 139.1, 134.8, 129.0, 123.9, 122.2, 
119.7, 117.9, 115.9, 111.4, 86.9, 36.5, 36.4, 32.3, 28.3, 15.4; ESIMS m/z 572[M + H]+; HRMS (ESI)m/z 







Compound 60a’ was prepared by the procedures previously described for compound 28 using 
4-methylresorciol (1.45 g, 4.46 mmol, 45%). 
1H NMR (DMSO-d6, 400 MHz)  10.49 (s, 1H), 8.07 (s, 1H), 8.05 (d, J = 7.5 Hz, 1H), 7.69 (d, J = 7.5 Hz, 
1H), 7.57 (dd, J = 7.5, 7.5 Hz, 1H), 7.56 (s, 1H), 6.74 (s, 1H), 4.07 (s, 2H), 2.44 (s, 3H), 2.19 (s, 3H); 13C 
NMR (DMSO-d6, 100 MHz)  161.5, 158.8, 151.7, 149.5, 147.9, 142.0, 134.9, 129.9, 126.9, 122.6, 121.9, 
121.2, 118.9, 111.9, 101.1, 31.8, 15.7, 15.2; ESIMS m/z 326 [M + H]+; HRMS (ESI)m/z 326.1024 [(M + 












Compound 62a’ was prepared by the procedures previously described for compound 104 using 60a’ 
(2.35 g, 5.93 mmol, 84%). 
1H NMR (DMSO-d6, 400 MHz)  8.11 (s, 1H), 8.07 (d, J = 7.5 Hz, 1H), 7.75 (s, 1H), 7.70 (d, J = 7.5 Hz, 
1H), 7.57 (dd, J = 7.5, 7.5 Hz, 1H), 7.22 (s, 1H), 4.12 (s, 2H), 3.10, (s, 3H), 2.94 (s, 3H), 2.23 (s, 3H), The 
CH3 peak overlapped with the DMSO peak; 13C NMR (DMSO-d6, 100 MHz)  160.9, 153.1, 151.9, 
150.4, 148.7, 147.9, 141.5, 134.9, 129.9, 127.1, 126.9, 122.8, 122.4, 121.3, 117.4, 110.2, 36.4, 36.2, 32.0, 
15.5, 15.4; ESIMS m/z 397 [M + H]+; HRMS (ESI)m/z 397.1391 [(M + H)+; calcd for C21H21N2O6: 
397.1394]. 
 






To a solution of 62a’ (507 mg, 1.28 mmol) in anhydrous EtOAc (25 mL) was added SnCl2·2H2O (1.16 g, 
5.12 mmol) at room temperature. The mixture was heated to 80 °C for 4 h. The mixture was cooled to 
room temperature, poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The 
extract was washed with water and then brine. The organic layer was dried over MgSO4 and 
evaporated. The residue was washed with MeOH to give 110a’ (294 mg, 0.802 mmol, 62%) as a white 
solid. 
1H NMR (DMSO-d6, 400 MHz)  7.73 (s, 1H), 7.20 (s, 1H), 6.90 (dd, J = 7.5, 7.5 Hz, 1H), 6.38–6.35 (m, 
3H), 4.96 (br s, 2H), 3.83 (s, 2H), 3.10, (s, 3H), 2.94 (s, 3H), 2.42 (s, 3H), 2.22 (s, 3H); 13C NMR 
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(DMSO-d6, 100 MHz)  160.9, 153.1, 151.6, 150.3, 148.8, 147.7, 139.4, 128.9, 126.8, 126.8, 123.6, 117.5, 
115.7, 113.1, 111.8, 110.1, 36.4, 36.2, 32.3, 15.5, 15.3; ESIMS m/z 367 [M + H]+; HRMS (ESI)m/z 
367.1647 [(M + H)+; calcd for C21H23N2O4: 367.1652]. 
 










Compound 71a was prepared by the procedures previously described for compound 32 using 110a’ (192 
mg, 0.418 mmol, 76%). 
1H NMR (DMSO-d6, 270 MHz)  7.75 (s, 1H), 7.22–7.14 (m, 3H), 7.04–7.00 (m, 2H), 6.86 (d, J = 8.1 Hz, 
1H), 3.93 (s, 2H), 3.10 (s, 3H), 2.94 (s, 3H), 2.46 (s, 3H), 2.42 (d, J = 5.4 Hz, 3H), 2.23 (s, 3H); 13C NMR 
(DMSO-d6, 100 MHz)  160.9, 153.1, 151.7, 150.3, 148.1, 139.8, 139.0, 129.0, 126.9, 126.9, 123.1, 122.2, 
118.0, 117.5, 115.9, 110.1, 36.5, 36.2, 32.2, 28.3, 15.5, 15.4; ESIMS m/z 460[M + H]+; HRMS (ESI)m/z 
460.1537 [(M + H)+; calcd for C22H26N3O6S: 460.1537]. 
 







To a suspension of 72 (12.0 g, 23.6 mmol) in anhydrous DMF (1.0 L) was added CuCN (3.17 g, 35.4 
mmol). The mixture was heated to 130 °C for 15 h. After cooling to room temperature, the mixture was 
poured into water and diluted with EtOAc. The organic layer was dried over MgSO4 and evaporated to 
give 74 (8.20 g, 20.1 mmol, 85%). 
1H NMR (DMSO-d6, 270 MHz)  8.24 (s, 1H), 8.11 (s, 1H), 8.08 (d, J = 8.1 Hz, 1H), 7.71 (d, J = 7.7 Hz, 
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1H), 7.57 (dd, J = 8.0, 7.7 Hz, 1H), 7.38 (s, 1H), 4.12 (s, 2H), 3.14 (s, 3H), 2.99 (s, 3H), the CH3 peak 
overlapped with the DMSO peak; ESIMS m/z 408 [M + H]+. 
 








Compound 119 was prepared by the procedures previously described for compound 8 using 74 (2.25 g, 
5.96 mmol, 68%).  
1H NMR (DMSO-d6, 400 MHz)  8.43 (s, 1H), 7.59 (s, 1H), 6.90 (dd, J = 8.4 Hz, 1H), 6.38–6.36 (m, 3H), 
4.97 (br s, 2H), 3.83 (s, 2H), 3.12 (s, 3H), 2.97 (s, 3H), 2.46 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  
159.9, 154.9, 154.0, 152.2, 148.8, 146.9, 138.9, 131.4, 128.9, 125.2, 118.5, 115.7, 114.9, 113.2, 111.9, 
111.6, 102.6, 36.5, 36.3, 32.4, 15.4; ESIMS m/z 378 [M + H]+; HRMS (ESI)m/z 378.1447 [(M + H)+; 
calcd for C21H20N3O4: 378.1448]. 
 












Compound 76 was prepared by the procedures previously described for compound 32 using 119 (7.5 
mg, 16 mol, 66%). 
1H NMR (DMSO-d6, 270 MHz)  8.46 (s, 1H), 7.60 (s, 1H), 7.25–7.15 (m, 2H), 7.04–7.01(m, 2H), 6.87 (d, 
J = 8.1 Hz, 1H), 3.94 (s, 2H), 3.12 (s, 3H), 2.97 (s, 3H), 2.42 (d, J = 5.4 Hz, 3H), The CH3 peak 
overlapped with the DMSO peak; 13C NMR (DMSO-d6, 100 MHz)  159.9, 154.9, 154.1, 152.2, 147.3, 
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139.2, 139.1, 131.5, 129.0, 124.7, 122.2, 118.4, 118.0, 116.0, 114.9, 111.6, 102.6, 36.6, 36.3, 32.3, 28.2, 
15.4; ESIMS m/z 471[M + H]+; HRMS (ESI)m/z 471.1336 [(M + H)+; calcd for C22H23N4O6S: 471.1333]. 
 








Compound 72 (1.45 g, 2.85 mmol), Pd(PPh3)2Cl2 (100 mg, 0.143 mmol), CuI (55.0 mg, 0.290 mmol), 
trimethylsilylacetylene (1.40 g, 14.3 mmol) and N,N-diisopropyl-ethylamine (0.550 mL, 3.20 mmol) 
were dissolved in anhydrous THF (10 mL). The mixture was heated to 55 °C for 10 h. After cooling to 
room temperature, the mixture was purified by silica gel chromatography (CH2Cl2) to give 75 (1.06 g, 
2.21 mmol, 78%). 
1H NMR (DMSO-d6, 270 MHz)  8.12 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.94 (s, 1H), 7.70 (d, J = 8.0 Hz, 
1H), 7.57 (t, J = 8.0 Hz, 1H), 7.39 (s, 1H), 4.13 (s, 2H), 3.08 (s, 3H), 2.94 (s, 3H), 0.21 (s, 9H), the CH3 
peak overlapped with the DMSO peak. 
 
Dimethyl-carbamic acid 3-(3-amino-benzyl)-4-methyl-2-oxo-6-trimethylsilanylethynyl-2H-chromen- 







Compound 120 was prepared by the procedures previously described for compound 28 using 75 (160 
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mg, 0.357 mmol, 85%).  
1H NMR (DMSO-d6, 270 MHz)  7.68 (s, 1H),7.14 (s, 1H), 6.66 (t, J = 8.1 Hz, 1H), 6.15–6.12 (m, 3H), 
4.96 (s, 2H), 3.82 (s, 2H), 3.11 (s, 3H), 2.94 (s, 3H), 2.44 (s, 3H), 0.23 (s, 9H); ESIMS m/z 449 [M + H]+. 
 






To a solution of 120 (100 mg, 0.223 mmol) in anhydrous THF (2 mL) was added 1.0 M TBAF in THF 
(0.245 mL, 0.245 mmol) at room temperature. After stirring for 1 h, the mixture was concentrated. 
The residue was purified by silica gel chromatography to give 121 (77.0 mg, 0.205 mmol, 92%). 
1H NMR (DMSO-d6, 270 MHz)  7.97 (s, 1H), 7.38 (s, 1H), 6.96 (t, J = 8.0 Hz, 1H), 6.38–6.35 (m, 3H), 














Compound 77 was prepared by the procedures previously described for compound 32 using 121 (20.0 
mg, 42.6 mmol, 32%).  
1H NMR (DMSO-d6, 270 MHz)  9.54 (br s, 1H), 7.99 (s, 1H), 7.38 (s, 1H), 7.35–7.07 (m, 2H), 7.10–6.93 
(m, 2H), 6.86 (d, J = 7.6 Hz, 1H), 4.45 (s, 1H), 3.93 (s, 2H), 3.09 (s, 3H), 2.94 (s, 3H), 2.46 (s, 3H), 2.42 (d, 











To a solution of 2-(3-nitrobenzyl)-3-oxo-butyric acid ethyl ester (488 mg, 1.84 mmol) and 
2,6-dihydroxypyridine (204 mg, 1.84 mmol) in anhydrous methanol (10 mL) was added Zn(OTf)2 (669 
mg, 1.84 mmol). The mixture was heated to reflux for 30 h, then cooled to room temperature and 
diluted with EtOAc. The mixture was washed with water and brine. The organic layer was dried over 
MgSO4 and evaporated. The residue was purified by silica gel chromatography (EtOAc/hexane) to give 
64i (330 mg, 1.06 mmol, 58%) as a white solid. 
1H NMR (DMSO-d6, 270 MHz)  8.14–8.05 (m, 3H), 7.71 (d, J = 7.7 Hz, 1H), 7.57 (dd, J = 7.9, 7.7 Hz, 
1H), 6.67 (d, J = 8.6 Hz, 1H), 4.07 (s, 2H), 2.44 (s, 3H); ESIMS m/z 313 [M + H]+; HRMS (ESI)m/z 
311.0668 [(M − H)－; calcd for C16H11N2O5: 311.0673]. 
 







To a solution of 64i (330 mg, 1.06 mmol) in anhydrous DMF (4 mL) was added NaH (60% in oil, 47.0 
mg, 1.17 mmol) at room temperature. After stirring for 15 min, N,N-dimethylcarbamoyl chloride (108 
L, 1.17 mmol) was added to the mixture. The mixture was heated to 100 °C for 2 h. After cooling to 
room temperature, water was added to the mixture. The solid was collected by filtration and washed 
with water and MeOH to give 62i (721 mol, 68%) as a gray solid. 
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1H NMR (DMSO-d6, 270 MHz)  8.43 (d, J = 8.4 Hz, 1H), 8.14–8.05 (m, 2H), 7.73 (d, J = 7.7 Hz, 1H), 
7.58 (dd, J = 8.1, 7.7 Hz, 1H), 7.28 (d, J = 8.4 Hz, 1H), 4.14 (s, 2H), 3.07 (s, 3H), 2.95 (s, 3H), The CH3 
peak overlapped with the DMSO peak; ESIMS m/z 384 [M + H]+. 
 
Dimethyl-carbamic acid 3-[3-(N-methylsulfamoylamino)-benzyl]-4-methyl-2-oxo-2H-pyrano[2,3-b]-  










To a solution of 62i (141.8 mol) in anhydrous EtOAc (2.2 mL) was added SnCl2·H2O (169 mg, 0.754 
mmol) at room temperature. The reaction mixture was heated to reflux for 4 h. After cooling to room 
temperature, the mixture was poured into saturated NaHCO3 aqueous solution, and extracted with 
EtOAc. The extract was washed with brine. The organic layer was dried over MgSO4 and evaporated. 
The residue was purified by flash chromatography on silica gel (KP-NH silica cartridge) eluting with 
MeOH and CH2Cl2 to give an aniline (49.0 mg, 139 mol, ESIMS m/z 354 [M + H]+). To a solution of 
the aniline (49.0 mg, 139 mol) in anhydrous MeCN (2 mL) were added 30r (50.0 mg, 278 mol) and 
Et3N (58.0 L, 417 mol) at room temperature. The reaction mixture was heated to 80 °C for 2.5 h. 
After cooling to room temperature, the mixture was poured into saturated NaHCO3 aqueous solution, 
and extracted with EtOAc. The extract was washed with brine. The organic layer was dried over 
MgSO4 and evaporated. The residue was purified by flash chromatography on silica gel (KP-NH silica 
cartridge) eluting with MeOH and CH2Cl2 to give 54i (31.0 mg, 69.4 mol, 49%) as an amorphous. 
1H NMR (DMSO-d6, 270 MHz)  9.53 (br s, 1H), 8.43 (d, J = 8.2 Hz, 1H), 7.27 (d, J = 8.2 Hz, 1H), 
7.20–7.14 (m, 2H), 7.02 (d, J = 7.1 Hz, 1H), 7.01 (s, 1H), 6.87 (d, J = 7.3 Hz, 1H), 3.94 (s, 2H), 3.06 (s, 
3H), 2.95 (s, 3H), 2.47 (s, 3H), 2.42 (s, 3H); ESIMS m/z 447 [M + H]+; HRMS (ESI)m/z 447.1329 [(M + 










6-Methyl-pyridin-2-ylamine (15.0 g, 139 mmol) was dissolved in (Boc)2O (41.4 mL, 180 mmol). The 
mixture was heated to 60 °C for 15 h. After cooling to room temperature, the resulting mixture was 
dissolved in anhydrous THF (100 mL), and added to a solution of (Boc)2O (95.6 mL, 416 mmol) and 
DMAP (59.3 g, 486 mmol) in anhydrous THF (650 mL) over 30 min. After stirring for 5h, the mixture 
was diluted with EtOAc, and washed with 1.0 M aqueous NH4Cl twice, saturated NaHCO3 aqueous 
solution and brine. The organic layer was dried over MgSO4 and evaporated. The residue was 
recrystallized from EtOH and hexane to give 122j (34.8 g, 112 mmol, 82%) as a white solid. 
1H NMR (CDCl3, 270 MHz)  7.74 (dd, J = 7.6 Hz, 1H), 7.17 (d, J = 7.6 Hz, 1H), 7.14 (d, J = 7.6 Hz, 1H), 
2.42 (s, 3H), 1.39–1.31 (m, 18H); 13C NMR (DMSO-d6, 100 MHz)  157.0, 151.0, 151.0 (×2), 138.5, 121.5, 
117.9, 82.4 (×2), 27.4 (×6), 23.5; ESIMS m/z 309 [M + H]+; HRMS (ESI)m/z 309.1806 [(M + H)+; calcd 










To a solution of 122j (6.00 g, 19.5 mmol) and N-bromosuccinimide (4.50 g, 25.4 mmol) in CCl4 (90 mL) 
was added benzoylperoxide (wetted with 30% water, 675 mg, 1.95 mmol). The mixture was heated to 
reflux for 4 h, then cooled to room temperature and filtered. The filtrate was concentrated in vacuo 
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and purified by silica gel chromatography (EtOAc/hexane=1/7) to give 79j (4.34 g, 11.2 mmol, 58%) as 
a yellow solid.  
1H NMR (CDCl3, 270 MHz)  7.73 (dd, J = 8.1 Hz, 1H), 7.31 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 8.1 Hz, 1H), 








To a solution of ethyl acetoacetate (223 L, 1.75 mmol) in anhydrous THF (5 mL) was added NaH 
(60% in oil, 79.2 mg, 1.98 mmol) at 0 °C. After stirring for 15 min, 79j (450 mg, 1.17 mmol) was added 
to the mixture at 0 °C and then stirred at room temperature for 5 h. The mixture was poured into 
saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract was washed with brine. 
The organic layer was dried over K2CO3 and evaporated. The residue was purified by silica gel 
chromatography (EtOAc/hexane =1/5) to give an ester. The ester and resorcinol (230 mg, 2.09 mmol) 
were dissolved in conc. sulfuric acid (222 L, 4.17 mmol). After stirring at room temperature for 6 h, 
the mixture was diluted with EtOAc, and washed with s saturated NaHCO3 aqueous solution and 
water. The organic layer was dried over MgSO4 and evaporated. The residue was purified by silica gel 
chromatography (MeOH/CH2Cl2=1/10) to give 60j (98.0 mg, 347 mol, 30%) as a solid. 
1H NMR (DMSO-d6, 270 MHz)  7.64 (d, J = 8.1 Hz, 1H), 7.23 (dd, J = 8.1 Hz, 1H), 6.78 (d, J = 8.1 Hz, 








Dimethyl-carbamic acid 3-[6-(N-methylsulfamoylamino)-pyridin-2-ylmethyl]-4-methyl-2-oxo-2H- 










To a solution of 60j (53.5 mg, 190 mol) in anhydrous DMF (1.6 mL) was added NaH (60% in oil, 8.4 
mg, 209 mol) at 0 °C. After stirring for 10 min, N,N-dimethylcarbamoyl chloride (22.8 L, 285 mol) 
was added to the mixture. After stirring at 0 °C for 1.5 h, the mixture was diluted with EtOAc, and 
washed with saturated NaHCO3 aqueous solution. The organic layer was dried over MgSO4 and 
evaporated. The residue was purified by silica gel chromatography (MeOH/CH2Cl2 = 1/20) to give an 
aminopyridine (23.7 mg, 67.1 mol, ESIMS m/z 354 [M + H]+). To a solution of the aminopyridine (23.7 
mg, 67.1 mol) in anhydrous MeCN (0.8 mL) were added 30r (30.2 mg, 168 mol) and Et3N (46.6 L, 
336 mol) at room temperature. The reaction mixture was heated to 80 °C for 12 h. The mixture was 
purified by preparative HPLC to give 54j (23.3 mg, 52.2 mol, 27%) as a white solid. 








Compound 60k was prepared by the procedures previously described for compound 60j using 
2-[bis(tert-butoxycarbonyl)amino]-4-(bromomethyl)pyridine59 (46.2 mg, 573 mol, 29%). 
1H NMR (DMSO-d6, 300 MHz)  10.46 (br s, 1H), 7.75 (d, J = 5.34 Hz, 1H), 7.65 (d, J = 8.77 Hz, 1H), 
6.82 (dd, J = 8.77, 2.67 Hz, 1H), 6.72 (d, J = 2.29 Hz, 1H), 6.35 (d, J = 5.34 Hz, 1H), 6.20 (s, 1H), 5.76 
(br s, 2H), 3.76 (s, 2H), 2.35 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  161.3, 160.6, 160.0, 153.5, 149.1, 
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149.0, 147.5, 126.8, 118.8, 113.0, 112.4, 112.3, 106.6, 102.0, 31.6, 15.2; HRMS (ESI)m/z 283.1077 [(M + 
H)+; calcd for C16H15N2O3: 283.1077]. 
 








Compound 110k was prepared by the procedures previously described for compound 114 using 60k 
(68.2 mg, 193 mol, 78%).  
1H NMR (DMSO-d6, 300 MHz)  7.84 (d, J = 8.77 Hz, 1H), 7.76 (d, J = 5.34 Hz, 1H), 7.25 (d, J = 2.28 Hz, 
1H), 7.18 (dd, J = 8.77, 2.28 Hz, 1H), 6.37 (dd, J = 5.34, 1.52 Hz, 1H), 6.19 (s, 1H), 5.75 (br s, 2H), 3.82 
(s, 2H), 3.06 (s, 3H), 2.93 (s, 3H), 2.42 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.7, 160.1, 153.4, 
153.3, 152.2, 148.6, 148.4, 147.7, 126.3, 122.1, 118.6, 117.3, 112.2, 109.7, 106.5, 36.4, 36.2, 31.7, 15.4; 
ESIMS m/z 354 [M + H]+; HRMS (ESI)m/z 354.1442 [(M + H)+; calcd for C19H20N3O4: 354.1448]. 
 
Dimethyl-carbamic acid 3-[2-(N-methylsulfamoylamino)-pyridin-4-ylmethyl]-4-methyl-2-oxo-2H-  











Compound 54k was prepared by the procedures previously described for compound 32 using 110k 
(26.8 mg, 60.0 mol, 71%). 
1H NMR (DMSO-d6, 270 MHz)  8.10–8.04 (m, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.27 (d, J = 2.4 Hz, 1H), 
7.18 (dd, J = 8.9, 2.4 Hz, 1H), 7.10-6.85 (br s, 1H), 6.84–6.75 (m, 2H), 3.96 (s, 2H), 3.07 (s, 3H), 2.93 (s, 
3H), 2.60–2.40 (m, 6H); 13C NMR (DMSO-d6, 100 MHz)  162.9, 155.6, 155.5, 155.0, 154.4, 152.4, 151.2, 
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149.3, 128.6, 123.8, 120.8, 119.4, 119.2, 112.6, 111.9, 38.6, 38.4, 34.1, 31.0, 17.6; ESIMS m/z 447 [M + 










Compound 122l was prepared by the procedures previously described for compound 122j using 
5-methyl-pyridin-3-ylamine (3.78 g, 12.3 mmol, 33%).  
1H NMR (DMSO-d6, 400 MHz)  8.37 (s, 1H), 8.24 (s, 1H), 7.54 (s, 1H), 2.33 (s, 3H), 1.46-1.35 (m. 18H); 
13C NMR (DMSO-d6, 100 MHz)  151.0 (×2), 148.5, 145.9, 135.7, 135.3, 133.2, 82.7 (×2), 27.5 (×6), 17.5; 










To a solution of 122l (762 mg, 2.47 mmol) and N-bromosuccinimide (1.76 g, 9.88 mmol) in CCl4 (15 mL) 
was added AIBN (406 mg, 2.47 mmol). The mixture was heated to reflux for 2 h, then cooled to room 
temperature and filtered. The filtrate was concentrated in vacuo and purified by silica gel 
chromatography (EtOAc/hexane) to give 79l (275 mg, 709 mol, 29%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  8.60 (s, 1H), 8.40 (s, 1H), 7.82 (s, 1H), 4.79 (s, 2H), 1.46-1.33 (m. 18H); 
13C NMR (DMSO-d6, 100 MHz)  150.5 (×2), 148.5, 148.4, 136.1, 135.6, 134.4, 82.9 (×2), 30.1, 27.5 (×6); 
ESIMS m/z 387 [M + H]+; HRMS (ESI)m/z 387.0914 [(M + H)+; calcd for C16H24BrN2O4: 387.0914]. 
153 
 










To a solution of ethyl acetoacetate (234 uL, 1.84 mmol) in anhydrous THF (8 mL) was added NaH 
(60% in oil, 40.4 mg, 1.01 mmol) at 0 °C. After stirring for 15 min, 79l (178 mg, 460 mol) in anhydrous 
THF (2 mL) was added to the mixture at 0 °C and then stirred at room temperature for 24 h. The 
mixture was poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract 
was washed with brine. The organic layer was dried over MgSO4 and evaporated. The residue was 
purified by silica gel chromatography (EtOAc/hexane) to give 56l (61.0 mg, 140 mol, 30%) as a light 
yellow oil. 
1H NMR (DMSO-d6, 400 MHz)  8.37 (d, J = 1.6 Hz, 1H), 8.27 (d, J = 1.6 Hz, 1H), 7.59 (dd, J = 1.6, 1.6 
Hz, 1H), 4.13 (dd, J = 8.8, 6.6 Hz, 1H), 4.10–3.98 (m, 2H), 3.09 (dd, J = 14.1, 6.6 Hz, 1H), 3.02 (dd, J = 
14.1, 8.8 Hz, 1H), 2.20 (s, 3H), 1.46-1.33 (m. 18H), 1.11 (dd, J = 7.1, 7.1 Hz, 3H); 13C NMR (DMSO-d6, 
100 MHz)  202.3, 168.5, 150.7 (×2), 148.6, 146.9, 135.4, 135.4, 134.2, 82.7 (×2), 61.0, 59.5, 29.7, 29.3, 







Resorcinol (27.3 mg, 248 mol) and 56l (54.2 mg, 124 mol) were dissolved in conc. sulfuric acid (19.9 
L, 373 mol) at 0 °C. After stirring at room temperature for 4 h, saturated NaHCO3 aqueous solution 
was added to the mixture. The aqueous mixture was extracted with EtOAc. The extract was washed 
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with brine. The organic layer was dried over MgSO4 and evaporated. The residue was purified by 
preparative HPLC to give 60l (30.3 mg, 107 mol, 86%) as a white solid. 
1H NMR (DMSO-d6, 400 MHz)  10.56 (s, 1H), 7.95 (br s, 1H), 7.85 (br s, 1H), 7.70 (d, J = 8.8 Hz, 1H), 
7.38 (br s, 1H), 6.84 (dd, J = 8.8, 2.2 Hz, 1H), 6.73 (d, J = 2.2 Hz, 1H), 6.36 (br s, 2H), 3.96 (s, 2H), 2.44 
(s, 3H); 13C NMR (DMSO-d6, 100 MHz)  161.2, 160.9, 153.6, 150.0, 147.6, 139.4, 128.2, 127.1, 126.3, 
124.5, 117.9, 113.1, 112.3, 102.0, 29.3, 15.2; ESIMS m/z 283 [M + H]+; HRMS (ESI)m/z 283.1074 [(M + 
H)+; calcd for C16H15N2O3: 283.1077]. 
 







To a solution of 60l (17.4 mg, 62.0 mol) in anhydrous DMF (1 mL) was added K2CO3 (8.5 mg, 62.0 
mol) at room temperature. After stirring for 5 min, N,N-dimethyl- carbamoyl chloride (7.4 L, 80.0 
mol) was added to the mixture. The mixture was stirred at room temperature for 7 h, then poured 
into brine, and extracted with EtOAc. The organic layer was dried over MgSO4 and evaporated. The 
residue was purified by preparative HPLC to give 110l (10.1 mg, 28.6 mol, 46%) as a solid. 
1H NMR (DMSO-d6, 400 MHz)  7.84 (d, J = 8.8 Hz, 1H), 7.74 (br s, 1H), 7.69 (br s, 1H), 7.25 (d, J = 2.2 
Hz, 1H), 7.18 (dd, J = 8.8, 2.2 Hz, 1H), 6.70 (br s, 1H), 5.22 (br s, 2H), 3.85 (s, 2H), 3.07 (s, 3H), 2.93 (s, 
3H), 2.47 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.8, 153.4, 153.3, 152.2, 148.1, 144.7, 136.9, 134.4, 
134.3, 126.3, 122.9, 118.9, 118.5, 117.3, 109.7, 36.4, 36.2, 29.5, 15.3; ESIMS m/z 354 [M + H]+; HRMS 






Dimethyl-carbamic acid 3-[5-(N-methylsulfamoylamino)-pyridin-3-ylmethyl]-4-methyl-2-oxo-2H- 










Compound 54l was prepared by the procedures previously described for compound 32 using 110l (2.2 
mg, 4.9 mol, 56%). 
1H NMR (DMSO-d6, 400 MHz)  9.96 (s, 1H), 8.29 (br s., 1H), 8.23 (br s, 1H), 7.87 (d, J = 8.4 Hz, 1H), 
7.51 (q, J = 4.9 Hz, 1H), 7.49 (br s, 1H), 7.26 (d, J = 2.2 Hz, 1H), 7.19 (dd, J = 8.4, 2.2 Hz, 1H), 4.00 (s, 
2H), 3.07 (s, 3H), 2.93 (s, 3H), 2.44 (d, J = 4.9 Hz, 3H), The CH3 peak overlapped with the DMSO peak; 
13C NMR (DMSO-d6, 100 MHz)  160.7, 153.4, 153.3, 152.2, 148.7, 142.0, 136.0, 135.9, 135.7, 126.4, 
126.1, 122.0, 118.6, 117.3, 109.7, 36.4, 36.2, 29.6, 28.3, 15.5; ESIMS m/z 447 [M + H]+; HRMS (ESI)m/z 










Compound 122m was prepared by the procedures previously described for compound 122j using 
2-methyl-pyridin-4-ylamine (9.61 g, 31.1 mmol, 84%).  
1H NMR (DMSO-d6, 400 MHz)  8.39 (d, J = 5.3 Hz, 1H), 7.05 (d, J = 2.2 Hz, 1H), 7.00 (dd, J = 5.3, 2.2 
Hz, 1H), 2.42 (s, 3H), 1.46-1.30 (m. 18H); 13C NMR (DMSO-d6, 100 MHz)  159.0, 150.6 (×2), 149.7, 
146.5, 121.0, 119.1, 83.1 (×2), 27.4 (×6), 23.9; ESIMS m/z 309 [M + H]+; HRMS (ESI)m/z 309.1806 [(M 












Compound 79m was prepared by the procedures previously described for compound 79l using 122m 
(1.05 g, 2.71 mmol, 42%).  
1H NMR (DMSO-d6, 400 MHz)  8.55 (d, J = 5.7 Hz, 1H), 7.44 (br s, 1H), 7.22 (d, J = 5.7 Hz, 1H), 4.71 
(s, 2H), 1.50-1.32 (m. 18H); ESIMS m/z 387 [M + H]+. 
 











Compound 56m was prepared by the procedures previously described for compound 56l using 79m 
(970 mg, 2.22 mmol, 82%). 
1H NMR (DMSO-d6, 400 MHz)  8.44 (d, J = 5.3 Hz, 1H), 7.17 (d, J = 1.8 Hz, 1H), 7.09 (dd, J = 5.3, 1.8 
Hz, 1H), 4.27 (dd, J = 7.5, 7.5 Hz, 1H), 4.12–4.00 (m, 2H), 3.29 (dd, J = 15.9, 7.5 Hz, 1H), 3.20 (dd, J = 
15.9, 7.5 Hz, 1H), 2.25 (s, 3H), 1.50-1.32 (m. 18H), 1.13 (dd, J = 7.5, 7.5 Hz, 3H); 13C NMR (DMSO-d6, 
100 MHz)  202.8, 168.9, 159.1, 150.5 (×2), 149.5, 146.6, 121.1, 119.8, 83.2 (×2), 60.8, 57.2, 34.8, 29.5, 




















4-Methylresorcinol (684 mg, 5.51 mmol) and 56m (481 mg, 1.10 mmol) were dissolved in conc. sulfuric 
acid (353 L, 6.62 mmol) at 0 °C. After stirring at room temperature for 18 h, 5.0 M aqueous NaOH 
(2.64 mL, 13.2 mmol) and DMSO were added to the mixture at 0 °C. The mixture was purified by 
preparative HPLC to give 60m (221 mg, 538 mol, 49%) as an oil. 
1H NMR (DMSO-d6, 400 MHz)  13.15 (br s, 1H), 10.65 (br s, 1H), 8.05–8.02 (m, 1H), 7.92 (br s, 1H), 
7.76 (br s, 1H), 7.63 (s, 1H), 6.77 (s, 1H), 6.70–6.65 (m, 1H), 6.45 (s, 1H), 4.02 (s, 2H), 2.43 (s, 3H), 2.21 
(s, 3H) ); 13C NMR (DMSO-d6, 100 MHz)  161.2, 160.1, 159.4, 158.4 (q, JC-F = 31.7 Hz), 152.0, 152.0, 
151.4, 139.8, 127.1, 122.2, 117.3 (q, JC-F = 301.8 Hz), 115.0, 111.7, 107.5, 106.2, 101.3, 30.2, 15.7, 15.3; 
ESIMS m/z 297 [M + H − TFA]+; HRMS (ESI)m/z 297.1229 [(M + H − TFA)+; calcd for C17H17N2O3: 
297.1234]. 
 
















To a solution of 60m (19.3 mg, 47.0 mol) in anhydrous DMF (0.5 mL) was added K2CO3 (13.0 mg, 94.1 
mol) at 0 °C. After stirring for 5 min, N,N-dimethylcarbamoyl chloride (4.3 L, 47 mol) was added to 
the mixture. After stirring at room temperature for 5 h, the mixture was filtered. The filtrate was 
purified by preparative HPLC to give 110m (11.5 mg, 23.9 mol, 51%) as an oil. 
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1H NMR (DMSO-d6, 400 MHz)  13.13 (br s, 1H), 8.05 (dd, J = 7.0, 7.0 Hz, 1H), 7.92 (br s, 1H), 7.84 (s, 
1H), 7.74 (br s, 1H), 7.28 (s, 1H), 6.68 (dd, J = 7.0, 2.2 Hz, 1H), 6.45 (d, J = 2.2 Hz, 1H), 4.09 (s, 2H), 
3.10 (s, 3H), 2.94 (s, 3H), 2.24 (s, 3H), The CH3 peak overlapped with the DMSO peak; 13C NMR 
(DMSO-d6, 100 MHz)  160.6, 160.0, 158.0 (q, JC-F = 31.7 Hz), 153.1, 152.3, 151.5, 150.7, 150.6, 139.9, 
127.3, 127.3, 118.7, 117.3, 117.1 (q, JC-F = 298.4 Hz), 110.4, 107.5, 106.3, 36.5, 36.3, 30.3, 15.5, 15.4; 
ESIMS m/z 368 [M + H − TFA]+; HRMS (ESI)m/z 368.1600 [(M + H − TFA)+; calcd for C20H22N3O4: 
368.1605]. 
 
Dimethyl-carbamic acid 3-[5-(N-methylsulfamoylamino)-pyridin-3-ylmethyl]-4,6-dimethyl-2-oxo-  












Compound 71m was prepared by the procedures previously described for compound 32 using 110m 
(16.4 mg, 35.6 mol, 69%). 
1H NMR (DMSO-d6, 400 MHz)  10.20 (br s, 1H), 8.21 (d, J = 4.8 Hz, 1H), 7.74 (s, 1H), 7.64 (br s, 1H), 
7.21 (s, 1H), 7.00–6.85 (m, 2H), 4.04 (s, 2H), 3.10 (s, 3H), 2.94 (s, 3H), 2.45–2.40 (m, 6H), 2.23 (s, 3H); 
13C NMR (DMSO-d6, 100 MHz)  160.7, 159.2, 153.0, 151.5, 150.3, 149.5, 148.3, 146.1, 126.8, 126.7, 
122.1, 117.4, 110.0, 109.6, 109.0, 36.3, 36.1, 35.0, 28.1, 15.3 (×2); ESIMS m/z 461 [M + H]+; HRMS 














To a solution of 0.47 M lithium diisopropylamide in anhydrous THF (41.4 mL, 14.9 mmol) was slowly 
added 2-chloro-3-fluoropyridine (1.51 mL, 14.9 mmol) at −78 °C. After stirring for 2 h, anhydrous 
DMF (11.4 mL, 149 mmol) was added to the mixture. The mixture was warmed up to room 
temperature. After stirring for 2 h, NaBH4 (731 mg, 19.3 mmol) was added to the mixture at 0 °C. The 
mixture was stirred at 0 °C for 1 h, then poured into water, and extracted with EtOAc. The extract 
was washed with 1.0 M HCl aqueous solution, saturated NaHCO3 aqueous solution, and brine. The 
organic layer was dried over MgSO4 and evaporated. The residue was purified by silica gel 
chromatography (MeOH/CH2Cl2) to give 93o (1.40 g, 8.67 mmol, 58%) as a light yellow solid. 
1H NMR (DMSO-d6, 270 MHz)  8.27 (d, J = 4.6 Hz, 1H), 7.56 (dd, J = 4.6 Hz, 1H), 5.70 (t, J = 5.8 Hz, 
1H), 4.65 (d, J = 5.8 Hz, 2H); 13C NMR (DMSO-d6, 100 MHz)  151.2 (d, JC-F = 257.7 Hz), 145.1 (d, JC-F 
= 6.3 Hz), 141.2 (d, JC-F = 13.1 Hz), 136.6 (d, JC-F = 18.7 Hz), 123.0, 56.1 (d, JC-F = 3.0 Hz); ESIMS m/z 








To a solution of 93o (200 mg, 1.24 mmol) in anhydrous DMF (4 mL) were added imidazole (253 mg, 
3.72 mmol) and TBSCl (373 mg, 2.48 mmol) at room temperature. After stirring for 2 h, the mixture 
was diluted with CH2Cl2, and washed with brine. The organic layer was dried over MgSO4 and 
evaporated. The residue was purified by silica gel chromatography (CH2Cl2) to give 82o (319 mg, 1.16 
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mmol, 93%) as a light yellow solid. 
1H NMR (DMSO-d6, 270 MHz)  8.30 (d, J = 4.9 Hz, 1H), 7.51 (dd, J = 4.9 Hz, 1H), 4.87 (s, 2H), 0.86 (s, 
9H), 0.12 (s, 6H); 13C NMR (DMSO-d6, 100 MHz)  151.1 (d, JC-F = 258.4 Hz), 145.3 (d, JC-F = 6.8 Hz), 
139.9 (d, JC-F = 12.7 Hz), 136.7 (d, JC-F = 18.7 Hz), 122.5 (d, JC-F = 1.1 Hz), 57.9 (d, JC-F = 3.7 Hz), 25.7 









Compound 82o (80.0 g, 290 mmol), benzophenone imine (58.4 mL, 348 mmol), sodium tert-butoxide 
(33.4 g, 348 mmol), Pd2(dba)3 (7.97 g, 8.70 mmol) and rac-BINAP (12.6g, 20.3 mmol) were dissolved in 
anhydrous toluene (970 mL). N2 gas was bubbled into the mixture for 10 min, and the mixture was 
heated to 60 °C for 4 h. After cooling to room temperature, the mixture was filtered through Celite, 
and then poured into saturated NaHCO3 aqueous solution. The aqueous mixture was extracted with 
EtOAc. The extract was washed with brine, dried over MgSO4, and evaporated to give a crude 
aminopyridine (ESIMS m/z 421 [M + H]+). The crude aminopyridine was dissolved in anhydrous THF 
(480 mL), and 1.0 M TBAF in THF (305 mL, 305 mmol) was slowly added at room temperature. After 
stirring for 2 h, the mixture was poured into saturated NaHCO3 aqueous solution, and extracted with 
EtOAc. The extract was washed with brine. The organic layer was dried over MgSO4 and evaporated. 
The residue was recrystallized from CH2Cl2 and hexane to give 79o (67.0 g, 219 mmol, 76%) as a light 
yellow solid. 
1H NMR (DMSO-d6, 270 MHz)  8.04 (d, J = 5.0 Hz, 1H), 7.75–7.45 (m, 5H), 7.40–7.25 (m, 3H), 
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7.20–7.04 (m, 3H), 5.47 (t, J = 5.6 Hz, 1H), 4.47 (d, J = 5.6 Hz, 2H); 13C NMR (DMSO-d6, 100 MHz)  
171.7 (d, JC-F = 1.1 Hz), 151.2 (d, JC-F = 12.3 Hz), 145.1 (d, JC-F = 252.4 Hz), 143.4 (d, JC-F = 6.7 Hz), 
138.6 (d, JC-F = 12.0 Hz), 137.7, 135.7, 131.9, 129.3, 129.2 (×2), 128.6 (×2), 128.1 (×2), 128.1 (×2), 118.4, 
55.8 (d, JC-F = 4.5 Hz); ESIMS m/z 307 [M + H]+; HRMS (ESI)m/z 307.1239 [(M + H)+; calcd for 
C19H16FN2O: 307.1241]. 
 






To a solution of 79o (10.0 g, 32.6 mmol) in anhydrous THF (80 mL) was added 1.0 M lithium 
tert-butoxide in THF (35.9 mL, 35.9 mmol) and MsCl (3.03 mL, 39.2 mmol) at 0 °C. After stirring for 
1h, the resulting mixture was added to a solution of ethyl acetoacetate (8.32 mL, 65.3 mmol), 1.0 M 
lithium tert-butoxide in THF (39.2 mL, 39.2 mmol), NaI (4.89 g, 32.6 mmol) and anhydrous THF (36 
mL) at 0 °C over 30 min. The mixture was warmed up to 50 °C for 3 h. After cooling to room 
temperature, the mixture was diluted with EtOAc, and washed with 0.2 M aqueous LiOH 4 times and 
brine. The organic layer was dried over MgSO4 and evaporated to give 56o (13.0 g, 31.0 mmol, 95%) as 
a light yellow oil. 
1H NMR (DMSO-d6, 270 MHz)  7.93 (d, J = 4.3 Hz, 1H), 7.75–7.30 (m, 8H), 7.15–7.05 (m, 2H), 6.91 
(dd, J = 4.3 Hz, 1H), 4.05 (q, J = 7.0 Hz, 2H), 3.94 (t, J = 7.7, 1H), 3.05–2.90 (m, 2H), 2.13 (s, 3H), 1.10 
(t, J = 7.0, 3H); 13C NMR (DMSO-d6, 100 MHz)  201.8, 171.8, 168.2, 151.8 (d, JC-F = 13.1 Hz), 146.5 (d, 
JC-F = 256.2 Hz), 143.2 (d, JC-F = 8.6 Hz), 137.6, 135.6, 134.3 (d, JC-F = 13.1 Hz), 131.9, 129.3, 129.3 (×2), 
128.6 (×2), 128.1 (×2), 128.1 (×2), 121.1, 61.2, 57.6, 29.2, 25.6, 13.8; ESIMS m/z 419 [M + H]+; HRMS 










Compound 84n was prepared by the procedures previously described for compound 60l using 56o and 
3-phenoxyphenol (6.0 mg, 16 mol, 24%). 
1H NMR (DMSO-d6, 400 MHz)  7.88 (d, J = 8.8 Hz, 1H), 7.61 (d, J = 5.3 Hz, 1H), 7.50 (ddd, J = 7.5, 7.5, 
1.3 Hz, 2H), 7.30 (tt, J = 7.5, 1.3 Hz, 1H), 7.11 (ddd, J = 7.5, 1.3, 1.3 Hz, 2H), 7.03 (dd, J = 8.8, 2.2 Hz 
1H), 6.99 (d, J = 2.2 Hz, 1H), 6.29 (dd, J = 5.3 Hz, JH-F = 5.3 Hz, 1H), 6.13 (br s, 2H), 3.94 (s, 2H), 2.46 (s, 
3H); 13C NMR (DMSO-d6, 100 MHz)  160.6, 159.6, 155.1, 153.1, 149.2 (d, JC-F = 13.8 Hz), 149.0, 144.2 
(d, JC-F = 248.7 Hz), 142.5 (d, JC-F = 8.2 Hz), 132.3 (d, JC-F = 11.6 Hz), 130.4 (×2), 127.4, 124.8, 120.1, 
119.8 (×2), 115.5, 114.3, 112.0, 104.9, 25.0, 15.2; ESIMS m/z 377 [M + H]+; HRMS (ESI)m/z 377.1294 














To a solution of 84n (30.0 mg, 79.7 mol) in anhydrous DMF (2.0 mL) were added pyridine (64.5 L, 
797 mol) and 7wt% N-methylsulfamoyl chloride60 in MeCN (1.54 mL, 598 mol) at room temperature. 
After stirring for 2 h, the mixture was diluted with EtOAc, and washed with brine twice. The organic 
layer was dried over MgSO4 and evaporated. The residue was purified by preparative HPLC to give 
85n (30.3 mg, 64.5 mol, 81%) as a white solid.  
1H NMR (DMSO-d6, 400 MHz)  10.33 (br s, 1H), 7.94–7.92 (m, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.48 (ddd, 
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J = 7.5, 7.5, 1.3 Hz, 2H), 7.26 (tt, J = 7.5, 1.3 Hz, 1H), 7.15 (ddd, J = 7.5, 1.3, 1.3 Hz, 2H), 7.01 (dd, J = 
8.8, 2.2 Hz 1H), 6.99–6.96 (m, 1H), 6.96 (d, J = 2.2 Hz 1H), 6.85–6.75 (m, 1H), 3.99 (s, 2H), 2.45 (s, 3H), 
The CH3 peak overlapped with the DMSO peak; 13C NMR (DMSO-d6, 100 MHz)  160.6, 159.8, 155.1, 
153.2, 149.6, 145.8 (d, JC-F = 255.8 Hz), 142.7, 141.1 (d, JC-F = 18.4 Hz), 135.1 (d, JC-F = 11.3 Hz), 130.4 
(×2), 127.6, 124.9, 119.8 (×2), 119.5, 118.6, 115.4, 114.4, 104.9, 29.0, 25.4, 15.3; ESIMS m/z 470 [M + 










To a solution of compound 56o (182 mg, 435 mol) in 2,2,2-trifluoroethanol (1.5 mL) were added 
resorcinol (57.4 mg, 522 mol) and MsOH (216 L, 2.16 mmol) at room temperature. The reaction 
mixture was heated to 60 °C for 4 h. After cooling to room temperature, the mixture was poured into 
saturated NaHCO3 aqueous solution. The solid was collected by filtration, and washed with water, and 
EtOH to give 60o (107 mg, 357 mol, ESIMS m/z 301 [M + H]+). To a solution of 60o (107 mg, 357 
mol) in anhydrous DMF (1.0 mL) were added 2-bromopyridine (39.0 L, 409 mol), Cs2CO3 (136 mg, 
417  mol), CuI (68.0 mg, 357  mol) and N,N’-dimethylethylenediamine (43.0 L, 400 mol). The 
reaction mixture was heated to reflux for 5 h. After cooling to room temperature, the mixture was 
poured into saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract was washed 
with brine. The organic layer was dried over MgSO4 and evaporated. The residue was purified by 
preparative TLC (EtOAc) to give 84o (21.3 mg, 56.4 mol, 14%). 
1H NMR (CDCl3, 270 MHz)  8.21 (d, J = 3.6 Hz, 1H), 7.80–7.60 (m, 3H), 7.20–7.00 (m, 4H), 6.49 (dd, J 

















Compound 85o was prepared by the procedures previously described for compound 85n using 84o (1.4 
mg, 2.5 mol, 6%). 
1H NMR (CD3OD, 270 MHz)  8.21 (dd, J = 4.9, 1.2 Hz, 1H), 7.95–7.83 (m, 2H), 7.73 (m, 1H), 7.28–7.07 
(m, 4H), 6.75 (br t, J = 5.3 Hz, 1H), 4.09 (2H), 2.60 (s, 3H), 2.52 (s, 3H); ESIMS m/z 471 [M + H]+; 











To a solution of 60o (90.0 mg, 303 mol) in anhydrous DMF (0.9 mL) were added Cs2CO3 (128 mg, 393 
mol) and 2-chloropyrazine (54.0 L, 605 mol). The reaction mixture was heated to 100 °C for 8 h. 
After cooling to room temperature, the mixture was poured into saturated NaHCO3 aqueous solution, 
and extracted with a 1:9 of MeOH and CH2Cl2. The extract was washed with brine. The organic layer 
was dried over MgSO4 and evaporated. The residue was purified by silica gel chromatography (EtOAc) 
to give 84p (70.7 mg, 187 mol, 62%). 
1H NMR (CDCl3, 270 MHz)  8.52 (s, 1H), 8.35 (s, 1H), 8.13 (s, 1H), 7.71 (br s, 1H), 7.69 (d, J = 8.8 Hz, 
1H), 7.21 (s, 1H), 7.15 (d, J = 8.8 Hz, 1H), 6.50 (br s, 1H), 4.57 (br s, 2H), 4.05 (s, 2H), 2.45 (s, 3H); 


















Compound 85p was prepared by the procedures previously described for compound 85n using 84p 
(11.8 mg, 25.1 mol, 31%). 
HRMS (ESI)m/z 472.1082 [(M + H)+; calcd for C21H19FN5O5S: 472.1085]. 
 
3-[2-(N-Methylsulfamoylamino)-3-fluoro-pyridin-4-ylmethyl]-4-methyl-7-(pyrimidin-2-yloxy)- 












To a solution of 60o (9.00 g, 30.0 mmol) in anhydrous DMF (80 mL) were added Cs2CO3 (11.7 g, 36.0 
mmol) and 2-bromopyrimidine (9.53 g, 59.9 mmol). The reaction mixture was heated to 100 °C for 2 h. 
After cooling to room temperature, water was added to the mixture. The solid was collected by 
filtration, and washed with water to give a crude pyrimidine (9.81 g). To a solution of the crude 
pyrimidine in anhydrous DMF (120 mL) were added pyridine (4.41 mL, 54.3 mmol) and 7.3wt% 
N-methylsulfamoyl chloride in MeCN (91.5 g, 51.7 mmol) at −10 °C. After stirring at room 
temperature for 1 h, THF was added to the mixture. The solid was collected by filtration, and washed 
with THF to give 65r (10.4 g, 22.0 mmol, 73%, 2 steps) as a white solid.  
mp = 187 °C; 1H NMR (CD3OD, 270 MHz)  8.63 (d, J = 4.9 Hz, 2H), 7.95–7.80 (m, 2H), 7.30–7.20 (m, 
3H), 6.84 (dd, J = 5.4 Hz, 1H), 4.22 (s, 2H), 2.62 (s, 3H), 2.54 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  
164.3, 160.5, 160.2 (×2), 155.0, 152.7, 149.5, 145.8 (d, JC-F = 255.8 Hz), 142.7(d, JC-F = 6.4 Hz), 141.0 (d, 
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JC-F = 13.1 Hz), 135.0 (d, JC-F = 11.6 Hz), 127.0, 120.5, 118.6, 118.4, 117.6, 117.4, 109.6, 29.0, 25.5, 15.4; 
ESIMS m/z 472 [M + H]+; HRMS (ESI)m/z 472.1081 [(M + H)+; calcd for C21H19FN5O5S: 472.1085].  
 












To a solution of ethyl 3-carbomethoxyazocrotonate61 (4.20 g, 21.1 mmol) in anhydrous THF (40 mL) 
was added 3-nitroaniline (2.92 g, 21.1 mmol) at room temperature. The mixture was heated to 70 °C 
for 12 h. After cooling to room temperature, hexane was added to the mixture. The solid was collected 
by filtration and washed with hexane to give 123q (5.08 g, 15.0 mmol, 71%) as a solid.  
1H NMR (DMSO-d6, 270 MHz)  10.10 (s, 1H), 7.55 (s, 1H), 7.46–7.31 (m, 2H), 7.11 (d, J = 8.1 Hz, 1H), 
6.96 (d, J = 7.4 Hz, 1H), 4.94 (d, J = 7.7 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.67 (s, 3H), 1.83 (s, 3H), 1.21 
(t, J = 7.1 Hz, 3H); ESIMS m/z 339 [M + H]+. 
 








To a solution of 123q (3.67 g, 10.8 mmol) in acetone (37 mL) was added 10wt% TiCl3 in 20-30% HCl 
aqueous solution (8.80 mL, 5.70 mmol) at room temperature. The mixture was stirred at room 
temperature for 1 h, then poured into water, and extracted with EtOAc. The extract was washed with 
brine. The organic layer was dried over MgSO4 and evaporated. The residue was purified by silica gel 
chromatography (EtOAc/hexane) to give 56q (2.75 g, 10.3 mmol) as a yellow oil (ESIMS m/z 267 [M + 
H]+). To a solution of compound 56q (2.75 g, 10.3 mmol) in trifluoroethanol (30 mL) were added 
resorcinol (2.27 g, 20.7 mmol) and MsOH (3.35 mL, 51.6 mmol) at room temperature. The reaction 
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mixture was heated to 65 °C for 12 h. After cooling to room temperature, the mixture was poured into 
saturated NaHCO3 aqueous solution, and extracted with EtOAc. The extract was washed with brine, 
dried over MgSO4, and evaporated in vacuo. The residue was purified by silica gel chromatography 
(EtOAc/hexane) to give 64q (1.46 g, 4.67 mmol, 45%) as a solid. 
1H NMR (DMSO-d6, 270 MHz)  10.50 (s, 1H), 8.13 (s, 1H), 7.65 (d, J = 8.7 Hz,1H), 7.51 (d, J = 9.1 Hz, 
1H), 7.42–7.34 (m, 2H), 7.01 (d, J = 7.3 Hz,1H), 6.86 (dd, J = 8.7, 2.3 Hz, 1H), 6.77 (d, J = 2.3 Hz, 1H), 
2.29 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)  160.4, 159.0, 152.7, 148.6, 147.4, 145.4, 130.0, 127.0, 
119.9, 119.9, 113.2, 112.3, 112.1, 107.5, 102.1, 14.1; ESIMS m/z 313 [M + H]+; HRMS (ESI)m/z 
311.0669 [(M − H)－; calcd for C16H11N2O5: 311.0673]. 
 








To a solution of 64q (500 mg, 1.60 mmol) in anhydrous EtOAc (16 mL) was added SnCl2·H2O (1.08 g, 
4.80 mmol) at room temperature. The reaction mixture was heated to 75 °C for 10 h. After cooling to 
room temperature, the mixture was poured into saturated NaHCO3 aqueous solution, and extracted 
with EtOAc. The extract was washed with brine. The organic layer was dried over MgSO4 and 
evaporated. The solid was washed with EtOAc to give 60q (135 mg, 478 mol, 30%) as a brown solid. 
1H NMR (DMSO-d6, 270 MHz)  10.37 (s, 1H), 7.59 (d, J = 8.9 Hz, 1H), 7.02 (s, 1H), 6.84 (dd, J = 8.6 , 
2.3 Hz, 1H), 6.80–6.73 (m, 3H), 5.98–5.88 (m, 2H), 5.80 (m, 1H), 5.05 (br s, 1H), 2.22 (s, 3H); 13C NMR 
(DMSO-d6, 100 MHz)  159.8, 159.7, 152.2, 148.0, 146.6, 142.9, 129.2, 126.5, 121.5, 113.1, 112.7, 105.4, 
















To a solution of 60q (135 mg, 478 mol) in anhydrous DMF (4 mL) were added Cs2CO3 (234 mg, 717 
mol) and 2-bromopyrimidine (152 mg, 956 mol). The reaction mixture was heated to 75 °C for 50 
min. After cooling to room temperature, the mixture was poured into water, and extracted with EtOAc. 
The extract was washed with brine. The organic layer was dried over MgSO4 and evaporated in vacuo. 
The residue was purified by silica gel chromatography (EtOAc/hexane) to give 112q (81.7 mg, 227 
mol, 47%). 
1H NMR (DMSO-d6, 270 MHz)  8.69 (d, J = 4.8 Hz, 2H), 7.81 (d, J = 8.6 Hz, 1H), 7.38 (d, J = 2.1 Hz, 
1H), 7.33 (t, J = 4.8 Hz, 1H), 7.29–7.24 (m, 2H), 6.80 (t, J = 7.7 Hz, 1H), 6.00 (m, 2H), 5.86 (s, 1H), 4.86 
(s, 2H), 2.26 (s, 3H); ESIMS m/z 361 [M + H]+. 
 













Compound 86q was prepared by the procedures previously described for compound 85n using 112q 
(71.0 mg, 157 mol, 75%). 
HRMS (ESI)m/z 454.1178 [(M + H)+; calcd for C21H20N5O5S: 454.1180]. 
 
Conformational analysis 
Torsional distributions of phenyl derivatives and nitrogen-containing aromatic derivatives: 
Crystal structures of phenyl derivatives and nitrogen-containing aromatic derivatives were searched 
in the CSD62a version 5.34 by the Program ConQuest.62b Filters (R-factor ≤ 0.05, not disordered, no 




Potential energy surfaces were calculated at the B3LYP/6-31G(d) level. To evaluate potential energy 
surfaces, 144 conformations were constructed by varying each torsional angle between 0 and 330 
degrees at 30 degree intervals. These conformations were optimized by fixing each torsional angle 
with the program Gaussian 09.63 The lowest energy conformations were searched by full geometry 
optimization (no torsional angles fixed). ΔE of each conformation was the energy difference between 
each conformation and the lowest energy conformations. 
 
C-Raf, MEK1 and cellular proliferation assays 
In vitro kinase assay: 
Enzymatic assays for C-Raf, MEK1 and other kinases were carried out as described in the article (Ishi, 
N. et al. Cancer Res. 2013, 73, 4050–4060).15a: C-Raf assay: C-Raf substrate (MEK1 [K97R], inactive) 
was sequentially mixed with test article, C-Raf ([truncated], active) and ATP. After incubation for 45 
min at 30 °C, the phosphorylation of MEK1 was qualitatively detected by 
europium-anti-phospho-MEK1/2 [Ser217/221] antibody. MEK1 assay: MEK1 (MEK1 SESE) was 
sequentially mixed with substrate MAP kinase 2/Erk2, unactive, test article and ATP, and incubated 
for 30 min at 30 °C. Then substrate FAM-Erktide was added and incubated for 60 min at 30 °C. The 
phosphorylation of the peptide was determined using IMAP fluorescence polarization screening kit. 
Other kinases: Test article, the substrate peptide, ATP and the enzyme were mixed sequentially and 
incubated for 90 min at 30 °C. Quantitative analysis of the phosphorylation of the substrate was 
conducted using a europium-labeled antiphospho-substrate antibody (TR-FRET assay) or an IMAP FP 
screening express kit (FP assay).  
 
Cell culture and growth inhibition assay: 
Human colon cancer cell line HCT-116 was purchased from the American Type Culture Collection and 
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was maintained in McCoy’s 5A medium containing 1.5 mmol/L L-glutamine & 10% of FBS. Cells were 
seeded at 2 × 103 cells per well, and then treated with the dilution of test compounds at 37 °C for 96 h. 
Viable cells were detected using Counting Kit-8, and IC50 was calculated as half-maximum 
concentration for cell growth inhibition. 
 
Physicochemical studies  
High-throughput solubility assay (LySA): Samples were prepared in triplicate from 10 mM DMSO 
stock solutions. After evaporation (1 h) of DMSO with a centrifugal vacuum evaporator, the 
compounds were dissolved in FaSSIF (pH = 6.5)64, and shaken for 2 h. After one night, the solutions 
were filtered using a Whatman Unifilter microtiter filter plate (GE Healthcare) and the filtrate and its 
1/10 dilution were analyzed by UV measurement or HPLC-UV. In addition, a four point calibration 
curve was prepared from the 10 mM stock solutions and used to determine the solubility of the 
compounds. The results were expressed in g/mL. Starting from a 10 mM stock solution, the 
measurement range for MW 500 was 0–666 g/mL. 
 
Saturated solubility assay: The saturated solubility of a crystalline free acid in FaSSIF was 
determined by shaking-flask method. A 96-well polypropylene plate containing 0.5 mL of FaSSIF per 
well was placed in the incubator.  Excess amounts of compounds were added to the wells, and then 
shaken at 37 °C for 24 h. The aqueous samples were filtered through a MultiScreen solubility plate 
with a 0.4 m polycarbonate isopore membrane (Millipore Corporation, Billerica, MA) and the 
concentration was measured by HPLC. 
 
Supersaturated solubility assay: The supersaturated solubility of crystalline potassium salt in 
FaSSIF was determined by a mini-scale dissolution test. The mini-scale dissolution tests were carried 
out by the paddle method (50 rpm, 50 mL) using a VK7010 dissolution station and a VK8000 
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dissolution sampling station (Varian Medical Systems, Inc., Palo Alto, CA) in a 100 mL glass vessel 
(42 mm diameter × 105 mm) (Takao Manufacturing Co., Ltd., Kyoto, Japan).  The dissolution tests 
were carried out for 4 h. The dissolved concentration of salt in FaSSIF was measured by HPLC. 
 
pKa measurements: Spectroscopic titration (UV metric pKa assay) was used to measure pKa. The 
phosphate buffer (25 L) and the sample (3 L of a 10 mM DMSO stock) were dispensed into the 
sample vial. The method was automatically measured by a Sirius T3 (Sirius Analysical). The standard 
working range was pH 2.0 to pH 12.0. The pKa values were extrapolated to zero percent organic 
content using the Yasuda-Shedlovsky extrapolation procedure, which yielded extrapolated aqueous 
pKa value and information about the slope that was used to ascertain the acid/basic characteristics of 
the ionisable groups. 
 
Stability in liver microsome: Mouse or human microsome incubations were conducted by an 
automated procedure implemented on a Biomek FX (Beckman Coulter). Compounds (5 M) were 
incubated in microsomes at 1.0 mg protein/mL in a 50 mM potassium phosphate buffer, pH 7.4, at 
37 °C. Cofactor (NADPH) was produced by a generating system (glucose 6-phosphate, 3.2 mM; 
-NADP, 2.6 mM; MgCl2, 6.5 mM). Addition of the NADPH generating system to the pre-warmed 
microsomes containing the test compound started the reaction. Aliquots (50 L) were taken at four 
defined time points within 60 min and transferred into 100 L of methanol containing an internal 
standard. Concentration of each compound was analyzed by LC/MS/MS using an ODS-3 RP 18 
column (GL Sciences). Quantitative detection was achieved on an API 365 instrument (AB Sciex) 
using electron spray ionization. Concentrations were determined by ratio of test compound and 
internal standard peaks and given as a percentage of the concentration measured at the first time 
point (substrate depletion). Intrinsic clearance (CL, in L/min/mg microsomal protein) is the rate 





Permeability assay (PAMPA): PAMPA PSR4p is an automated assay which is based on 96-well 
microplates. The permeation of compounds is measured using a “sandwich” construction. A filter plate 
is coated with phospholipids (membrane) and placed into a donor plate containing a drug/buffer 
solution. Finally the filter plate is filled with buffer solution (acceptor). The donor concentration is 
measured at t-start (reference) and compared with the donor and acceptor concentration after a 
certain time, t-end. 
The following setup was used for the PAMPA PSR4p assay: 
Donor:  0.05 M MOSPO buffer at pH 6.5 + 0.5% (w/v) Glyco Cholic Acid 
Membrane: 10% (w/v) Egg Lecithin + 0.5% (w/v) Cholesterol in Dodecane 
Acceptor: 0.05 M MOPO buffer at pH 6.5 
The liquid handling was done with an RSP 100 pipetting robot (Tecan). The drug analysis was based 
on UV spectroscopy. All samples were transferred into 96-well UV plates. A SpectraMax 190 UV plate 
reader (Molecular Devices) was used to collect the UV spectras. 
 
Metabolite analysis by human liver microsome: Metabolite analysis was determined by 
HPLC-HR-MS/MS. Chromatography conditions consisted of a gradient ranging from 99:1 
(H2O:acetonitrile, 0.5% formic acid) to 2:98 (H2O:acetonitrile, 0.5% formic acid) at 8 min using a 4.6 × 
20mm, 3 m, Unison UK-C18 column (Imtakt) with a 1.0 mL/min flow rate, using the Agilent 1100 
series system (Agilent Technologies). Metabolite identification was performed on the QSTAR XL 
system by tuning and calibrating according to the manufacturer’s procedure in the positive ion, 
atmospheric pressure ionization mode. Detection and mass scanning was performed in the full scan 
mode (100 m/z to 1000 m/z) with the electrospray voltage set to 5.5 kV; capillary temperature, 450 °C; 
ion source gas, 50; curtain gas, 30; declustering potential, 65 V; focusing potential, 265 V; declustering 
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potential 2, 15 V; ion release delay, 6 sec and ion release width 5 sec. Metabolite structure 
elucidation was conducted using MS/MS analysis of suspected metabolites. 
 
CYP inhibition assay 
For CYP inhibition screening, incubation mixtures were prepared as a total volume of 100 L with 
final component concentrations as follows: 0.1 M potassium phosphate buffer (pH 7.4), 1.0 mM 
NADPH, 0.1 mg/mL human liver microsomes, test drug (5 points of concentration) or positive controls 
and substrates. The substrates were used at concentrations less than their respective 
Michaelis–Menten constant (Km) values: 0.5 M for diclofenac (CYP2C9) and 0.2 M for midazolam 
(CYP3A4). NADPH was added after (for IC50 (−)) or before (for IC50 (+)) a 30 min pre-incubation of 
other components in a water bath at 37 °C. Substrates were added after the 30 min pre-incubation. 
After a given incubation time of 5 min, the reactions were terminated by the addition of 150 L of 
ice-cold 2-propanol. All samples were analyzed by LC/MS/MS, in which an Acquity UPLC (Waters)/ 
API4000(AB Sciex) system was used and the data acquisition and quantitative processing were 
performed using Analyst 1.4 software (AB Sciex). 
IC50 was calculated according to the following equation 
conc.) (Lowconc.) Low  conc.(High   








with the following definitions applying: 
Low percentage = highest percent inhibition less than 50% 
Low concentration = concentration of test substance or positive control at the low percentage  
High percentage = lowest percent inhibition greater than 50%  




CYP induction assay 
Cryopreserved human hepatocytes were used for CYP induction screening. 
Hepatocytes were seeded on 96-well collagen-coated plates and a cultured monolayer.  
An original modified medium, based on Williams’ medium E, that included ITS+3 and Matrigel was 
used. After a 3-day preculture, the hepatocytes were exposed to the test compounds (0.1, 1, 10 M) for 
3 days and CYP activities were measured. Positive controls were β-naphtoflavone (1M) omeprazole 
(30M) and lansoprazole (10M) for CYP1A, and phenobarbital (1000M), rifampicin (10M), 
carbamazepine (50M) and phenytoin (100M) for CYP3A. 
Activities of CYP1A and 3A were measured by ethoxyresorufin O-deethylase activity (1A) and 
testosterone 6β-hydroxylation activity assay (3A), respectively.  
 
hERG K+ channel assay 
Chinese hamster ovary (CHO) cells stably expressing the human ether a-go-go-related gene (hERG) 
were cultured in DMEM/F-12 medium (Gibco-BRL) containing 10% fetal bovine serum (Gibco-BRL) 
and 250 g/mL Geneticin (Sigma) in a humidified atmosphere of 95% air and 5% CO2 at 37 °C. The 
cells were placed on a recording chamber and superfused continuously at a rate of approximately 4 
mL/min with an external solution consisting of 137 mM NaCl, 4 mM KCl, 1.8 mM CaCl2, 1 mM MgCl2, 
10 mM HEPES and 10 mM glucose (pH 7.4 adjusted with NaOH). Membrane currents were recorded 
by the whole-cell voltage-clamp technique using a patch clamp amplifier (Axopatch 1D; Molecular 
Devices). Internal solution was composed of 130 mM KCl, 1 mM MgCl2, 10 mM HEPES, 5 mM EGTA 
and 5 mM MgATP (pH 7.2 adjusted with KOH). The cells were held at a holding potential of −80 mV 
and then depolarized to +20 mV for 1 sec to activate the hERG channels, and then repolarized to −40 
mV for 0.5 sec to induce tail current. After stabilizing the tail current, test compounds were applied 
cumulatively at 1 and 10 M. Data was analyzed using pCLAMP 8 software (Molecular Devices). 
Percent change of post-application against pre-application values in tail peak currents was calculated. 
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The percentages obtained for each test compound was then corrected for the respective mean vehicle 
rundown of hERG currents. 
 
Pharmacokinetic studies 
In mice:  
The pharmacokinetic study in female BALB-nu/nu mice (CAnN.Cg-Foxn1<nu>/CrlCrlj nu/nu) was 
approved by the Chugai Institutional Animal Care and Use Committee at Chugai Pharmaceutical Co., 
Ltd. In 24 h exposure studies, female BALB-nu/nu mice  (n = 2) were orally administered test 
compound at a dose of 50‒200mg/kg. In pharmacokinetic studies, female BALB-nu/nu mice (n = 2‒3) 
were administered test compound orally and intravenously at a dose of 5‒20 mg/kg and 2.5‒10 mg/kg, 
respectively. Blood samples were collected from the orbital vein using a heparin-treated hematocrit 
tube and were immediately centrifuged to separate the plasma. 
The concentration of each compound in plasma was determined by using solid-phase extraction (Oasis 
HLB, Waters) followed by LC/MS/MS.  
In 24 h exposure studies, AUC0-t was calculated by linear trapezoidal rule to the last measurable 
plasma concentration using Microsoft Excel 2003. 
In pharmacokinetic studies, PK parameters except oral bioavailability were analyzed by 
non-compartment analysis using WATSON ver.7.1 software (Thermo Fisher Scientific). Oral 
bioavailability was determined by AUCinf(po)/AUCinf(iv). 
 
In rat: 
The pharmacokinetic study in male rats (Crlj:CD) was approved by the Chugai Institutional Animal 
Care and Use Committee at Chugai Pharmaceutical Co., Ltd. Male rats (n = 4) were administered test 
compound orally and intravenously at a dose of 1‒10 mg/kg and 1-5 mg/kg, respectively. Blood 
samples were collected from the cervical vein using a heparin-treated syringe and were immediately 
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centrifuged to separate the plasma. 
The concentration of test compound in plasma was determined by using solid-phase extraction (Oasis 
HLB, Waters) followed by LC/MS/MS. 
PK parameters except oral bioavailability were analyzed by non-compartment analysis using 
WATSON ver.7.1 software. Oral bioavailability was determined by AUCinf(po)/AUCinf(iv). 
 
In monkey: 
The pharmacokinetic study in male and female cynomolgus monkeys was approved by the Chugai 
Institutional Animal Care and Use Committee at Chugai Pharmaceutical Co., Ltd. Male and female 
cynomolgus monkeys (n = 2) were administered test compound orally and intravenously at a dose of 
1‒5 mg/kg and 0.5‒2.5 mg/kg, respectively. Blood samples were collected from the forearm cephalic 
vein using a heparin-treated syringe and were immediately centrifuged to separate the plasma. 
The concentration of test compound in plasma was determined by using solid-phase extraction (Oasis 
HLB, Waters Corp.) followed by LC/MS/MS. 
PK parameters except oral bioavailability were analyzed by non-compartment analysis using 
WATSON ver.7.1 software. Oral bioavailability was determined by AUCinf(po)/AUCinf(iv). 
 
In vivo tumor efficacy studies 
Female BALB-nu/nu mice (CAnN.Cg-Foxn1<nu>/CrlCrlj nu/nu) were purchased from Charles River 
Laboratories, Japan. Animals were housed in suitable cages under specified pathogen-free conditions. 
This study was conducted under the protocol approved by the Chugai Institutional Animal Care and 
Use Committee. 
HCT116 human colon cancer cells were obtained from the American Type Culture Collection and were 
maintained in McCoy’s 5A medium containing 10% fetal bovine serum and 0.22 g/L L-Glutamine. 
HCT116 cells were inoculated subcutaneously into the right flank of BALB-nu/nu mice. Once palpable 
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tumors were established, animals were randomized so that all groups had similar mean tumor 
volumes at the start of the study. 
C32 human malignant melanoma cells were obtained from the American Type Culture Collection and 
were maintained in minimum essential medium Eagle (E-MEM) containing 10% fetal bovine serum, 
0.1 mM MEM non-essential amino acids solution (NEAA) and 1 mM sodium pyruvate solution (SP). 
C32 cells were inoculated subcutaneously into the right flank of BALB-nu/nu mice. Once palpable 
tumors were established, animals were randomized so that all groups had similar mean tumor 
volumes at start of the study. 
Test articles were dissolved in distilled water containing 5% DMSO and 10% 
2-hydroxypropyl-β-cyclodextrin. The articles were administered orally, once daily for 11 days. Tumor 
measurements and body weight were recorded twice per week. Tumor volume (V) was calculated 
using the following formula: V = ab2/2, where a is the length of the tumor and b is the width. Tumor 
growth inhibition (TGI) was calculated using the following formula: TGI = [1 − (T − T0)/(C − C0)] × 100, 
where T and T0 are the mean tumor volumes on a specific experimental day and on the first day of 
treatment, respectively, for the experimental groups, and likewise, where C and C0 are the mean 
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